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ABSTRACT 
The impact of a novel mobile-friendly nutrition education intervention on dietary patterns among 
CalFresh applicants 
 
Kelly Condron 
 
Background: College students experience food insecurity at a rate 3.5 times higher than the U.S. 
general population, affecting 43% of students. Furthermore, college students consume high 
amounts of ultra-processed products. NOVA, a food classification system, takes into account food 
processing and is thought to better fit the modern food environment.  
 
Purpose: The purpose of this research project was to examine the impact of CalFresh enrollment 
on food security status. This study also evaluated the impact of two different nutrition education 
interventions (MyPlate and MyPlate+NOVA) on participants’ dietary habits and nutrition 
knowledge.  
 
Methods: Food security, dietary habits, and nutrition knowledge were assessed at baseline, 
three-month, and at six months follow-up. Food security status was measured using the USDA 6-
item Short Form Food Security Assessment Module. A 12-week mobile nutrition education 
intervention providing MyPlate or MyPlate+NOVA nutrition messages was implemented, and 
dietary habits were assessed using an adapted NHANES 2009-2010 dietary screener 
questionnaire, while nutrition knowledge questions were created from the nutrition education 
messages.  
 
Results: Food insecurity decreased by approximately 63% among CalFresh participants. There 
were no differences in dietary habits or nutrition knowledge among any of the intervention groups 
or the control group.  
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Chapter 1  
INTRODUCTION 
 
1.1. Food security in the United States  
The U.S. Department of Agriculture (USDA) Economic Research Service (ERS) defines food security as 
enough food for an active, healthy life.1 In 2006, four levels of food security were described by the USDA2 
(Table 1). Food security status lies along a continuum extending from high food security to very low food 
security.3 High food security and marginal food security are typically combined and classify “food 
security”, while low food security and very low food security are classified as “food insecurity.” Food 
insecurity is measured using three of the USDA’s validated survey tools which are described in Table 2.3 
Table 1. Definitions of the four levels of food security2 
Food Security 
High food security No reported indications of food-access problems or limitations 
Marginal food 
security 
One or two reported indications-typically of anxiety over food sufficiency or 
shortage of food in the house. Little or no indication of changes in diets or 
food intake 
Food Insecurity 
Low food security Reports of reduced quality, variety, or desirability of diet. Little or no 
indication of reduced food intake 
Very low food 
security 
Reports of multiple indications of disrupted eating patterns and reduced food 
intake.  
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Table 2. USDA’s food security survey tools3 
 Description Advantages Limitations 
U.S. 
Household 
Food 
Security 
Survey 
Module 
(18-items) Three-stage 
design with screeners. 
Most households in a 
general population survey 
are asked only three 
questions (five if there are 
children in the household). 
Screening keeps respondent 
burden to the minimum 
needed to get reliable data 
 
U.S. Adult 
Food 
Security 
Survey 
Module  
(10 items) Three-stage 
design with 
screeners. Most 
households in a general 
population survey are 
asked only three 
questions. 
Less respondent burden; 
 
Improves comparability of food 
security statistics between 
households with and without 
children and among 
households with children in 
different age ranges; 
 
Avoids asking questions about 
children's food security, which 
can be sensitive in some survey 
contexts 
Does not provide 
specific information on 
food security of 
children. 
Six-Item 
Short Form 
of the Food 
Security 
Survey 
Module 
For surveys that cannot 
implement the 18-item or 
10-item measures, this 
"Short Form" 6-item scale 
provides a reasonably 
reliable substitute. It uses 
a subset of the standard 
18 items.  
Less respondent burden for 
food-insecure households. Can 
be screened after three items 
to reduce burden for 
households with no food 
access problems; 
 
Prevalence estimates of food 
insecurity and very low food 
security are only minimally 
biased relative to those based 
on 18-item or 10-item 
modules; 
 
Standard short form with 
known relationship to full 
module. 
Less precise and 
somewhat less reliable 
than 18-item measure; 
Does not measure the 
most severe levels of 
food insecurity; 
 
Does not ask about 
conditions of children 
in the household. 
 
 
In 2018, the ERS reported that at the national household level, 11.8% of U.S. households were food 
insecure (7.3% reporting low food security and 4.5% reporting very low food security).4 As seen in Figure 
1, the rate of food insecurity in the U.S. spiked by 3.5% in response to the Great Recession. Food 
insecurity went from a consistent 11% prevalence rate between 2001 and 2007 to almost 15% food 
insecurity between 2008 and 2012. Food insecurity has continually decreased since 2012, with a current 
prevalence rate of 11.8%.5 Food insecurity in U.S. households was more prevalent in households with 
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incomes below 185% of the poverty threshold (30.8%), households headed by a single woman (30.3%), 
Black, non-Hispanic households (21.8%), households headed by a single man (19.7%), Hispanic households 
(18.0%), and all households with children (15.7%).4   
 
Figure 1. Prevalence of U.S. population-level food security from 2000-20185  
 
1.1.1. College food insecurity 
A systematic review by Nazmi et al., (2018) examining food insecurity among U.S. students in higher 
education collected data from 28 studies, and analyzed 8 studies that met specific inclusion criteria.6 The 
data showed that across the 8 studies analyzed (n=58,085), prevalence of college food insecurity was 
43.5%.6 Food insecurity among colleges ranged from 21% at the University of Hawaii in 20067 to almost 
60% at Western Oregon University in 2011.8  A 2016 food access and security survey from the University 
of California (UC) Office of the President showed that 44.4% of UC undergraduates and 26% of UC 
graduate students reported food insecurity.9 More recently, the Hope Center’s #RealCollege survey on 
basic needs collected data from 90 two-year colleges and 33 four-year colleges across the nation and 
found that among the nearly 86,000 students that responded, food insecurity rates were at 48% among 
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two-year college students and 41% among four-year college students.10 In California, the Chancellor’s 
California State University (CSU) Basic Needs Report using the 10-item U.S. Adult Food Security Survey 
Module, reported that 41.6% of CSU students were food insecure “within the last 30 days”.11 Within this 
report, 27% of Cal Poly, San Luis Obispo (SLO) students reported experiencing food insecurity.11 Cal Poly, 
SLO is below national averages of college food insecurity that consistently remains high in most other 
two-year and four-year colleges. By comparison, in 2017, the ERS reported that at the national household 
level, 11.8% of U.S. households were food insecure.4 
Awareness of college food insecurity has been brought to the spotlight due to the fact that college 
students experience food insecurity at a rate 3.5 times higher than the U.S. general population.4,6  
Approximately 75% of all higher education students are considered non-traditional students, 
characterized as being independent for financial aid purposes, having one or more dependents, being a 
single caregiver, not having a traditional high school diploma, delaying postsecondary enrollment, 
attending school part time, and/or being employed full time.12 Some of these students might come from 
low-income families who previously might not have had access to higher education. Efforts to increase 
access to higher education, such as the American Opportunity Tax Credit, helped about ten million 
students from low-income families pay for college.13 Higher education is one of the few known routes to 
help break the cycle of poverty14 by mechanisms such as helping students transition into the workforce 
and increasing their economic success. Unfortunately, higher education for many students comes at a 
cost.  
1.1.2. Risk factors for college food insecurity 
There are a multitude of factors that might put college students at greater risk for food insecurity. 
Broton et al., (2018), examined how individual and contextual factors were associated with food 
insecurity in college students.14 The authors described the impact of sociodemographic background, 
limited financial resources, childhood experiences of food insecurity, and the college and community 
environments on food insecurity during college. A conceptual model (Figure 2) was adapted by Broton et 
al., (2018) to better suit predictors and consequences of food insecurity among college students.14 As 
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students are forced to tradeoff between paying for college or meeting their basic needs, knowing risk 
factors and their impact on food security status can help academic institutions better understand the 
specific the challenges food insecure students may experience.14  
 
 
Figure 2. Conceptual model of food insecurity, adapted from Alaimo (2005) for the college context14 
 
 Goldrick-Rab et al., (2019) also reported that food insecurity among college students is more 
prevalent among racial/ethnic minority students.10 In the report, students identifying as African-American 
or Black had an overall food insecurity rate of 58%, Hispanic or LatinX students had a 50% food insecurity 
prevalence rate, while students identifying as Caucasian or White had an overall food insecurity rate of 
39%.10  
Prevalence rates of food insecurity are higher among all college students who are former foster care 
youth (66%), have been previously convicted of a crime (64%), divorced (63%), “[do] not identify with 
female, male, or transgender” (58%), have certain disabilities or medical conditions (ranges from 48% to 
58%),10 are first generation, low-income students (56%),15 identify as bisexual (56%), gay or lesbian (55%) 
or  transgender (55%), between the ages of 26 and 30 years of age (55%), receiving a Pell Grant (54%), has 
children (53%), has a parent without a high school diploma (52%), is employed (50%), of independent 
status (50%), or been in college more than three years (50%)10  
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At the California State University level, first-generation college students reported higher food 
insecurity than non-first generation college students (49% versus 37%).11 Students who also reported 
higher than average food insecurity rates were Educational Opportunity Program (EOP) students (58%), 
English as a Second Language (ESL) students (49%), and Dreamers (47%) and DACA students (45%). 
Graduate students and freshman had the lowest rates of food insecurity, 34% and 36% respectively. 
Further, students identifying as Asian non-Hispanic and White non-Hispanic reported the highest levels of 
food security, 65% and 63% respectively, compared to the CSU average of 58.4%.11  
Food insecurity prevalence rates among students of minority status are in line with the U.S. 
household population-level data. Poverty has the largest influence on food insecurity,16 but demographic 
and individual or family-level economic factors are also risk factors for food insecurity. Another risk factor 
for food insecurity among college students is the increasingly high cost of higher education. 
The high prevalence of food insecurity in college students is alarming since it is estimated about 20 
million individuals attended college in 2018.17 Attending college is a life event where food insecurity may 
become an issue for individuals experiencing financial stress for a number of reasons, and possibly for the 
first time.9 Since 1988, college tuition at public 4-year institutions has increased by approximately 200%.18 
Figure 3 shows the average tuition fees for the 2018-2019 academic year. For in-state public 2-year 
institutions, average tuition was $3,600 and $10,230 for public 4-year institutions. Out-of-state public 4-
year institute tuition and fees were even higher at approximately $26,300, while private non-profit 
universities cost an average of almost $36,000.18 The cost of college tuition is becoming increasingly 
unaffordable for students and compromising many of their basic needs. 
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Figure 3. Average published tuition and fees in 2018 dollars by sector, 1988-89 to 2018-1918 
 
 In addition to higher tuition rates, high living expenses are also barriers to students’ productive 
enrollment in and completion of higher education. Many students struggle to cover the costs even while 
working and receiving financial aid.19 Additionally, many students receive inadequate student loans and 
have limited earning potential while undertaking academic studies.19 High costs of living while being on a 
budget, lack of budgeting and cooking skills, and diminished social support as a result of living away from 
home, are just some of the contributing factors that could lead to food insecurity for college students.20  
As seen in Figure 4, student budgets have not been able to keep pace with high tuition rates and cost 
of living. The average estimated full-time undergraduate budget for 2018-2019 was approximately 
$18,000 for in-state community college students, almost $26,000 for in-state 4-year public university 
students, while a budget more than doubles for out-of-state students.21 Despite receiving federal and 
state grants, many students are still unable to cover the costs of tuition.22 The number of undergraduate 
students receiving the Pell Grant increased by 5 million over the past two decades, yet despite $35 billion 
in Pell expenditures neither the maximum nor average grant amount has grown significantly over time, 
despite increased college costs.22  
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Figure 4. Average estimated full-time undergraduate budgets (enrollment-weighted) by sector, 2018-
1921 
 
As students struggle to cover the costs of tuition and living costs, students start choosing tuition over 
their basic needs leading many to experience food insecurity. The consequences associated with student 
food insecurity include lower academic performance, and poorer mental and physical health.  
1.1.3. Consequences of food insecurity  
1.1.3.1 Academic consequences of food insecurity  
There is limited information about the consequences of food insecurity on academic performance 
among college students. However, there is ample research on the academic consequences of food 
insecurity on schoolchildren. Children and teenagers in food insecure households were more likely to 
have lower math scores (-1.6 and -2.1 points out of 20 total points, respectively, p<0.05) and reading 
scores (-1.8 and -2.5 points out of 20 total points, respectively, p<0.05)23 and were disproportionately 
more likely to experience persistent symptoms of hyperactivity/inattention (OR: 3.06; 95% CI: 1.68–
5.55).24 Evans and Schamberg (2009) found that the greater the proportion of life growing up in poverty 
from birth to 13 years of age, the shorter the span of sequential information 17 year-olds could hold in 
their working memory (p<0.02).25 Melchoir et al., (2012) discussed that children in food insecure 
households with nutritionally deficient diets might be more prone to behavioral consequences such as 
hyperkinesia (a disorder marked by hyperactivity and difficulty concentrating), inattention, and poor 
memory.24 Going without food causes irritability, distractibility, and/or emotional changes which can 
affect academic performance or psychosocial behaviors.24 This can leave children feeling easily frustrated, 
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more anxious, and less able to adapt well to stressful situations.23 Cady (2014), using an educational 
pipeline model from elementary school to college, posited that issues from food insecurity in elementary 
school move forward along the pipeline into secondary schools and then into college.26  
The data available from college students supports Cady’s model. Food insecure U.S. college students 
are more likely to report lower grade point averages (GPA) than their food secure peers. 8,27,28 Maroto et 
al., (2014) found that food insecure community college students were more likely to report lower GPAs 
ranging from 2.0-2.49 and less likely to report GPA ranges of 3.5-4.0 (p=0.039).27 Patton-Lopez et al. 
(2014) reported that students with a GPA greater than 3.1 were 60% less likely to be food insecure (OR, 
0.40, 95% CI: 0.22-0.69),8 while Hagedorn & Olfert (2018) found significant decreases in average GPA 
score of 3.33+0.03 among food insecure students compared to food secure students’ average GPA of 
3.51+0.02 (p<0.0001) at Central Appalachian University.28 Martinez et al., (2018) found that food secure 
students were more likely to have a cumulative “A” average (50%) compared to their food insecure peers 
(30%) (p<0.001).29  
Phillips et al., (2018) found that among students experiencing food insecurity at a public Midwestern 
university, there was 3.49 greater odds of considering dropping out of college because of money they 
owed (p<0.001).30 Food insecure students also had 3.58 greater odds of reducing their course load 
(p<0.001), and that rate increased to 6.87 greater odds among students who worked full-time (p<0.001). 
Food insecure students also had 3.42 times greater odds of neglecting their academic studies due to 
money they owed (p<0.001) compared to their food secure counterparts.30 Food insecure college 
students are also more likely to miss or drop classes, miss study sessions, and not purchase required class 
materials.31 Meza et al., (2018) discussed reports that food insecurity negatively affected students’ 
academic performance due to fatigue, lack of energy, and spending more time thinking about food than 
focusing on their studies.32 The association between food insecurity and lower levels of academic success 
can also affect degree progress, delay graduation, or potentially lead to dropping out.33 
Broton & Goldrick-Rab (2016) surveyed 3,000 low-income students in their first semester of college in 
Wisconsin and found that that in order to make ends meet, students had to make choices that could 
impact their academic performance.34 Among the students surveyed: 
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 80% of students cut back on social activities 
 71% changed their food shopping or eating habits 
 48% cut back or stopped driving 
 39% borrowed money or used credit cards 
 24% postponed medical or dental care 
 24% delayed paying bills 
 23% reduced utility usage 
 19% went without a computer 
 15% did not purchase required books or supplies 
 
Qualitative data from the CSU Basic Needs Report further demonstrates how students perceive the 
impact of food insecurity on their academic achievement. A student from San Francisco State University 
stated, “Canned foods just don’t do it. Yesterday, all of a sudden I started with these tremors in my arms. 
Ugh, nutrition [laughs]. Just not enough time, not enough money. It’s very hard to concentrate. You’re 
exhausted. You couldn’t read a book and you fall asleep. It’s not easy, even in class.”11 Another student 
from CSU Dominguez Hills stated, “I would get bananas and I will cut it in half. I’d eat only half in the 
morning, and then I would wait five hours, then eat the other half, just so I have something in my stomach 
consistently…I would struggle to concentrate for sure, because sometimes that’s all I could think about 
was where was my next meal going to come from. At the same time, I would always push myself to just 
keep going, just keep going, just keep going.”11 Students understand that their food insecurity is affecting 
their academics, yet students continue to go hungry trying to achieve academic success. 
1.1.3.2. Mental health and social wellbeing consequences of food insecurity  
In studies examining the association between food insecurity and mental health in college students, 
food insecurity is routinely shown to increase the risk for poor mental and psychosocial health among 
college students. 14,35 Food insecurity can lead to powerlessness, alienation, shame, guilt, fatigue, difficulty 
concentrating, and depression, all of which affects academic success29,36 In a study examining the 
prevalence and effects of food insecurity on health behaviors among college freshman, there were 
greater levels of food insecurity among those not obtaining enough sleep, students who felt tired 
throughout the day, and students reporting high levels of stress, anxiety, and depressed mood (p<0.01 for 
all).37 
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Payne-Sturges et al., (2018) found that 80% of food insecure college students reported that their 
depression symptoms impacted their academics (p=0.001).38 In the same study, 70% of food insecure 
students reported “little interest or pleasure in doing things” (p<0.001), 71% of food insecure students 
reported “feeling down, depressed, or hopeless” (p=0.001), and 89% of food insecure students reported 
“feeling tired or having little energy” (p=0.002).38  
A qualitative study conducted by Meza et al., (2018) at University of California, Berkeley, asked 
student recipients of the UC Berkeley Food Pantry open-ended interview questions examining students’ 
struggles related to food insecurity, emotions associated with food insecurity, and the consequences of 
food insecurity on their psychosocial health and academic performance.32 From this study, several 
overlapping themes emerged from student responses, such as having greater feelings of anxiousness and 
feeling worried and stressed. One student stated, “It was just stressful knowing that there’s no food back 
home. Mostly it affected my studies because instead of being well fed and working, I would do my work, 
be hungry, and think about food. I [would] finish my work, finally eat, and then it’s a repeating cycle.” 
Some of the stress students experienced came from needing to locate multiple food resources on campus 
and not being able to eat a more nutritious diet.32  
Other themes were fear of disappointing family because of their food insecurity status and resenting 
or being jealous of students who did not struggle to afford food. These students also experienced sadness 
when comparing their food security status to others, with one student saying, “I’ve heard of people [who] 
didn’t have enough money or resources to have a meal every day. It started happening to me and I was 
like, ‘Oh, I guess I fit in that category.’ It was sad. It was really depressing. I’ve been in denial about where 
I stand in that hierarchy because I’m a person of color and first generation. It really put things into 
perspective when I [was losing] weight because I wasn’t eating as much as I should.”32 
Also evident were accompanying feelings of anger and frustration towards the academic institution 
for not providing enough resources for students. “When one isn’t able to afford a meal, it makes you 
frustrated and angry—angry with the institution that you’re part of. It makes you frustrated at the 
macrocosmic institution of society that should be offering food— healthy food, good food—and a 
sustainable conduit through which food can be provided to people who need it more than others. Anger 
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and frustration are certainly there. Then what comes from that is a sense of regret, sadness. It’s a feeling 
that one is not worth food.”32 
Food insecurity might also magnify socioeconomic disparities which could increase cultural 
sensitivities and influence overall mental and social well-being.36 In one report, food insecure students 
were more likely to miss club meetings and 55% of food insecure students were less likely to participate in 
extracurricular activities.31 Students experiencing food insecurity described feeling isolated from the 
normal “college experience” and felt unable to develop meaningful social relationships.32  
Consequences of food insecurity are part of what is known as the cycle of poverty.39 Poverty, which 
can lead to food insecurity, is a stressor that creates distress, which in turn makes future stressors more 
difficult to manage, ultimately creating more distress.39 A longitudinal study among 98 multi-ethnic low-
income families in the Denver, CO metropolitan area conducted by Santiago et al., (2011) found that 
poverty-related stress was directly related to anxious/depression symptoms and social problems 
(p<0.05).39 Santiago et al., (2011) further discussed how poverty-related stress could be used to predict 
anxiety/depression, delinquency, somatic complaints, and attention problems.39  
The direction of the relationship between socioeconomic status and mental health can be addressed 
by two competing hypotheses.40 The social causation hypothesis suggests that economic hardship 
increases the risk for mental illness, while the social selection/drift hypothesis suggests that mental health 
influences socioeconomic position and resources.40 The research among college students and the 
directional relationship between food insecurity and mental health is limited and needs further 
examination in longitudinal studies.  
1.1.3.3. Physical health consequences of food insecurity  
Food insecurity can also impair physical health among college students. Patton-Lopez et al., (2014) 
found that students at Western Oregon University reporting “fair or poor health” were more likely to be 
food insecure (OR: 2.08, 95% CI: 1.07-4.63).8 Among freshman students at Arizona State University, food 
insecure students had lower odds of healthy physical activity habits (OR: 0.66, 99% CI: 0.44-1.00).37 Poor 
physical health might also occur as food insecurity can affect a student’s ability to eat nutritiously.  
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The CSU Basic Needs Report showed that students facing food insecurity scored more adversely on 
physical health indicators.11 Students reporting low and very low food security were more likely to report 
more mean poor health days “in the past 30 days” (approximately 6 and 5 days, respectively) compared 
to students reporting marginal and high food security (approximately 4 and 2 days, respectively). Food 
insecure students were also more likely to report more inactive days “in the past 30 days” than their food 
secure peers. Low and very low food secure students reported approximately 7 and 5 mean inactive days, 
respectively compared to marginal and high food secure students who reported approximately 5 and 1 
mean inactive days, respectively.11  
Regarding physical health, a student from CSU Dominguez Hills stated, “I just kept it all to myself. 
That was a bad thing because I got really sick. I had to go to a hospital. That's also because I wasn't 
eating…I had food but it would just be noodles. That's all I would be eating…I did that for a little bit and I 
lost a lot of weight and I got really sick. I just couldn't keep anything down.”11 
Physical, mental, and academic well-being are all impacted by food insecurity. However, it is not just 
food insecurity that negatively impacts these factors. The types of food consumed is also necessary for 
optimal well-being. A healthy diet is necessary for optimal physical, social, and academic functioning, and 
food insecurity, by definition, is characterized by low diet quality. The diet of most American college 
students already do not meet most of the recommendations to consume adequate amounts of fruits and 
vegetables.41 Students facing food insecurity might be less likely to meet dietary guidelines, leading to the 
additional burden of poor health outcomes associated with consumption of unhealthy food. 
1.1.3.4. Dietary consequences of food insecurity  
Bruening et al., (2018) found that food insecurity on campus was significantly and inversely 
associated with eating breakfast (OR: 0.67, 99% CI: 0.46–0.99; p<0.01) and evening meals (OR: 0.55, 99% 
CI: 0.36-0.86, p<0.01), and healthy eating habits on campus (OR: 0.68, 99% CI: 0.46-1.00, p<0.01).37 A 
study at a mid-western public university by Mirabitur et al., (2016) found that the average daily fruit and 
vegetable servings for all students was 4.6 servings (95% CI: 4.4-4.8).41 Students with high food security 
ate an average of 4.9 daily servings of fruit and vegetables, whereas those with marginal food security 
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consumed the least amount of fruit and vegetable servings of 4.0 daily servings (p<0.01). Among students 
in housing without any food provisions, underrepresented minorities were 2.73 times more likely to have 
lower food security than White students (95% CI: 1.56-4.73, p< 0.001).41 
A 2013 study determined that in addition to inadequate fruit and vegetable consumption, college 
students were also lacking adequate whole grain and dairy intake.42 The same study found that students 
also tend to skip meals, especially breakfast, and have higher intake of fast food, snacks, and soft drinks.42 
These foods can be nutritionally deficient, meaning that individuals are more vulnerable to nutrition-
related chronic diseases (NRCDs).42 A 2017 USDA ERS report found that lower food security status was 
associated with a higher probability of chronic diseases.43 These results aligned with findings by Stuff et al 
(2008), who showed that hypertension (ARR: 1.2, 95% CI: 1.04-1.38), hyperlipidemia (ARR: 1.3, 95% CI: 
1.09-1.55) ,heart disease (OR: 2.7, 95% CI: 1.5-4.8), hypercholesterolemia (OR: 1.65, 95% CI: 1.0-2.7), and 
metabolic syndrome (OR: 2.8, 95% CI: 1.4-5.5) were significantly associated with food insecurity.44  
Shive & Morris (2006) evaluated the effectiveness of the “Energize your Life!” social marketing 
campaign pilot study to assess for any improvements in knowledge, attitudes, and fruit intake among 
community college students.45 Community college students indicated the biggest barriers to fruit and 
vegetable consumption were lack of convenience, short shelf-life, and lack of funds, as 25% of students 
had to cut back on meals due to strained budgets. The study recommended nutrition education and SNAP 
usage as possible solutions to these problems. Additionally, SNAP participation was recommended, along 
with nutrition education, in providing students with greater resources on how to cook homemade, well-
rounded, and healthy meals.45 
1.2. Supplemental Nutrition Assistance Program/CalFresh 
The Supplemental Nutrition Assistance Program (SNAP) is an entitlement program created by the 
federal government in 1939 to alleviate household food insecurity.46 It is the largest program in the 
domestic hunger safety net, providing nutrition assistance to approximately 21 million eligible, low-
income (<130% of the poverty level) households.46  
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In California, SNAP is known as CalFresh, and as of March 2019, there were approximately 3.7 million 
individuals on CalFresh (1.8 million households)47 with a total issuance of $6.7 billion in the state of 
California.48 California has one of the lowest SNAP participation rates in the nation. Only 72% of eligible 
CalFresh participants are enrolled in the program49, meaning that approximately 1.7 million individuals 
that are eligible for CalFresh not participating in the program.48 If CalFresh were able to reach all eligible 
individuals, California could receive $1.8 billion per year in federal CalFresh dollars, which could generate 
an additional $3.3 billion per year in economic activity.50 
Currently, in 2019, 13.8% of the San Luis Obispo County population lives below the poverty line and 
54% of households are affected by food insecurity.51 However, data from 2016 showed that San Luis 
Obispo County had the lowest CalFresh participation in the state at 19.7%.48 As of May 2019, 
approximately 8,900 households in San Luis Obispo County received CalFresh benefits with a total federal 
and state issuance of almost $2 million per month.47 In 2019, the SLO County Public Health Department 
released a 5-year community health improvement plan. Social determinants of health are one of the 
plan’s priorities, with a goal to increase CalFresh enrollment to reduce hunger and improve health among 
SLO County residents.52  
Low CalFresh enrollment in California is likely due to the large population and geography of the state, 
as well as the continued perceived stigma around CalFresh being a “welfare program” and economic 
drain,53 even though it has been shown that for every spent CalFresh dollar, $1.79 is generated back into 
the economy.50 The application process might also serve as a barrier to CalFresh applicants. CalFresh 
benefits are administered at the county level, with no streamlined application process among the 58 
counties.53 Mechanisms to apply for CalFresh are becoming more uniform with many counties now using 
the same application process, but it can still be a challenge for many individuals and households. There is 
also increased fear and misconception among immigrants that signing up for CalFresh could affect their 
chances of future legal residency or citizenship.53  
The 2019 Government Accountability Office Report showed that almost 2 million at-risk college 
students who were potentially eligible for SNAP did not receive any benefits in 2016.54 Low participation 
in CalFresh among college students might be attributed to students possibly facing food insecurity for the 
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first time, stigma associated with CalFresh and being food insecure, or the challenges associated with 
meeting eligibility requirements.  
1.2.1. SNAP eligibility 
CalFresh eligibility requirements are different for college students compared to the general public. 
College students face more rigorous eligibility criteria even though they typically have less time for work 
and often take on unpaid internships or earn less than the general public when they do work. A student is 
defined as an individual between the ages of 18-49 years and considered “fit” for employment.55 Students 
must also be enrolled at least “half time” in regular curriculum at an institution of higher education.55 For 
most institutions, half-time for undergraduate students is 6 units and 4 units for graduate students. For 
CalFresh purposes, an institute of higher education is defined as a business, trade, or vacation school 
requiring a GED or high school diploma; or a 2-year or 4-year college or university.55 Table 3 compares 
student eligibility and exemption criteria compared to non-students.55,56  
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Table 3. General eligibility requirements and exemptions for college students compared to non-
students55,56 
General eligibility requirements for students General eligibility requirements for non-
students 
 Enrolled half-time at university 
 Not on a meal plan that provides 11 or more meals per 
week 
 Legal, permanent resident of the US 
 Meet income criteria (200% of the Federal Poverty 
Line for household size) 
 Legal, permanent resident of the US 
 Able-bodied 
 Working 20 hours per week  
 Meet income criteria (200% of the 
Federal Poverty Line for household size) 
Student Exemptions (must meet at least 1) Exemptions for non-students if not 
working 20 hours or more per week, on 
average (must meet at least 1) 
 Work at least 20 hours per week, on average 
 Approved for state or federal work-study money and 
anticipate working during the term 
 Enrolled in EOPS or WIOA programs 
 Receiving Cal Grant A or B (under 25 years old, 
unmarried, parent/student income < $50,000) 
 Full-time student with a child under age 12 
 Part-time student with a child under age 6 
 Part-time student with a child age 6-11 without 
adequate child care 
 Receiving CalWORKs 
 Enrolled in CalFresh employment and training or 
another job training program accepted by CalFresh 
 Do not plan to register for the next school term 
 Participating in a Workfare program 
 Participate in the CalFresh Employment 
and Training Program. 
 
In July 2019, the College Student Hunger Act of 2019 was introduced to help more college students 
meet SNAP eligibility criteria. The bill expands the eligibility criteria to allow Pell Grant-eligible students 
and independent students (foster care students, veterans, and homeless students) to apply for SNAP.57 
Additionally, the bill decreases the 20 hours per-week work requirement to 10 hours for college 
students.57  
Most college students are considered a “household size of one,” meaning the CalFresh applicant 
purchases and prepares most of the food they consume for themselves only.58 The minimum amount 
allotted for a household size of one is $16 per month, while the maximum amount allotted for a 
household size of one is $192 per month.59 The average CalFresh eligible college student receives $150 
per month.60 CalFresh recipients receive their funding on an Electronic Benefits Transfer (EBT) card, and 
can spend their allotment on produce, non-perishable items, seeds, food-bearing plants, and at any 
participating Farmer’s Markets or food establishment that accepts EBT.59  
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Recommendations from the CSU Basic Needs Report includes utilizing campus-based CalFresh 
enrollment as a potential strategy to help prevent food insecurity and help facilitate the navigation of 
barriers.11 The report calls for greater advocacy and collaboration to improve student access to CalFresh, 
as well as expanding the eligibility criteria for college students. This may include ‘counting’ enrolled 
college units as “work” to help students meet the 20 hours or more per week exemption.11 As awareness 
of SNAP/CalFresh grows among faculty, staff, and students, and on-campus resources are added to help 
students through the application process, food insecurity should decrease in line with what is found in the 
general population.  
1.2.2. Impact of SNAP on food security status and dietary patterns 
The Public Policy Institute of California, using data from the California Poverty Measure, reported that 
between the years of 2013 and 2015, CalFresh moved more than 800,000 Californians out of poverty.48 A 
2013 study conducted by the USDA measuring the effect of SNAP on food security, reported that 
households participating in SNAP for six months had decreased low food insecurity prevalence rates from 
65.1% to 54.4% (p<0.001) and very low food security prevalence rates from 35.9% to 29.6% (p<0.001).61 
Another study examining SNAP’s impact on food security status showed SNAP participation reduced the 
likelihood of being food insecure by 31.2% (p<0.01) and the likelihood of being very food insecure by 
20.2% (p<0.01).62 Another study by the USDA ERS found that four to six months prior to SNAP 
participation, participants had a very low food security prevalence rate of nearly 20%. After a few months 
of SNAP use, prevalence of very low food security declined to about 12%, where it remained stable for the 
first ten months of SNAP participation.63  
Not only does SNAP help to reduce food insecurity, but it can lift people out of poverty. The United 
States Census Bureau reported that in 2017, 3.4 million SNAP participants, including 1.5 million children, 
were moved out of poverty.64 As such, the evidence is clear that SNAP decreases food insecurity and is 
one mechanism students can access to help become food secure. 
There is less evidence about SNAP’s ability to improve diet quality, despite many studies that have 
attempted to find an association between the two.65 A systematic review that included 25 studies to 
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assess the dietary quality of Americans by SNAP participation status, found no systematic differences 
between SNAP participants and income eligible non-participants in meat, milk and milk products, fats and 
oils, or sweets and desserts.65 However, SNAP participation was related to higher total spending, higher 
spending on food for home consumption, and lower food away from home spending. Differences that 
were seen for low-income adults participating in SNAP versus not participating was consumption of 
grains, fruits, vegetables, sugar sweetened beverages, and diet scores.65 
A study by Nguyen et al, (2015) found that SNAP participants had a poorer nutrient profile measured 
by the Alternative Healthy Eating Index (HEI).66 This included a lower HEI score and higher consumption of 
added sugars, solid fats, and “empty” calories (p<0.05 for all), compared to non-SNAP participants.66 In 
another study by Leung et al., (2012), SNAP participants consumed 39% fewer whole grains (RD: 0.61, 95% 
CI: 0.43-0.85), 44% more 100% fruit juice (RD: 1.44, 95%CI: 1.0-2.07; p=0.048), 56% more potatoes (RD: 
1.56, 95% CI: 1.18-2.06), and 46% more red meat (RD: 1.46, 95%CI: 1.04-2.06) compared to non-SNAP 
participants.67 Women participating in SNAP consumed 61% more sugar sweetened beverages (RD: 1.61, 
95% CI: 1.03-2.52) and 71% more regular soda compared to non-participants (RD: 1.71, 95% CI: 1.03-
2.52).67 Although SNAP helps reduce food insecurity, the results from Nguyen et al., (2015) emphasize the 
need for greater nutrition education for SNAP participants. An in-depth interview study of SNAP 
participants found that most respondents reported not having received any nutrition education advice or 
instruction from the SNAP program.68 Participants who were in both SNAP and Women, Infants, and 
Children (WIC) described the nutrition education they received from WIC as being very useful, with many 
respondents expressing a need for additional nutrition education assistance in SNAP.68 
Dinour et al., (2007) suggested that since many food insecure households receive food assistance 
without any type of accompanying nutrition education or nutrition requirements, a proposed relationship 
between food insecurity and obesity from federal food assistance programs, specifically SNAP, contribute 
to the obesity-food insecurity paradox.69 An analysis from the 1988-1994 NHANES III, showed a significant 
relationship between adult food insecurity and overweight status (BMI >25) in women.69 It was also 
suggested that lower dietary quality scores might be due to the fact that in order to maintain adequate 
energy intake, individuals trying to keep food costs to a minimum will select lower-quality diets, consisting 
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of high-energy, inexpensive foods.69 This could also explain why the frequency of fruit and vegetable 
consumption declines significantly as food insecurity status worsens.69 SNAP recipients may not be able to 
afford more expensive healthier food, and instead might be more likely to use their benefits to purchase 
additional quantities of unhealthy foods that they already purchase, resulting in poorer diets.70 
Poor nutritional health among many low-income Americans emphasizes the importance of exploring 
ways to strategically use SNAP to encourage healthier diets.71 With increased awareness about the link 
between diet quality and health,72 Snap-Ed, an evidence-based program, was created for SNAP recipients. 
The primary goal of Snap-Ed is to teach individuals about good nutrition and how to make their food 
dollars stretch further.73 Koszekewski et al, (2011) examined the effectiveness of SNAP-Ed and the 
Expanded Food and Nutrition Education Program (EFNEP) on behaviors such as “how often do you use the 
‘Nutrition Facts’ on the food label to make food choices?” and “how often do you drink regular pop (pop 
that is not diet)?”74 From this program, 25% of participants were able to improve 13 of 15 behaviors from 
when they entered and exited the program, as well as 6 months later (p<0.001).74  
A qualitative study of various SNAP experts assessing barriers and strategies to improve diets of SNAP 
beneficiaries proposed more flexible formats and topics in SNAP-Ed programs.71 The study concluded that 
more research is needed, especially pilot studies that explore different ways to improve the quality of 
foods purchased with SNAP dollars.71 In order to effectively change dietary habits among SNAP 
participants, the Bipartisan Policy Center suggested that nutrition should be prioritized in SNAP, and that 
there needs to be a stronger SNAP-Ed infrastructure in order to support implementation and evaluation of 
the program.72 Currently, the main source of nutrition education for the general American population 
comes from MyPlate and the U.S. Dietary Guidelines.  
1.3. MyPlate and the US Dietary Guidelines 
For more than one hundred years, the USDA has attempted to help Americans make healthier food 
choices through its Dietary Guidelines for Americans (DGA).75 The first attempt at nutrition education was 
generated in 1916 and focused on choosing “protective foods.” More recently, the U.S. has seen the 
progression from the Food Pyramid created in 1992 to MyPyramid created in 2005 to what has now 
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become MyPlate.75 MyPlate, introduced in 2011, is meant to communicate the DGAs to consumers.75 
Some of the main messages MyPlate communicates to the American population are: encourage 
individuals to focus on variety, amount, and nutrition; choose foods and beverages with less saturated 
fats, sodium, and added sugars; start with small changes to build healthier eating styles; and support 
healthy eating for everyone.76  
Chrisman & Rios (2019) determined that a systematic review on MyPlate-related findings was 
ineffective given the lack of available articles and absence of congruence among the outcomes.77 Even 
MyPlate initiatives, which target the general American population, present many challenges to adequately 
capture measures of success.78 This is further emphasized by Schwartz & Vernarelli (2017) which stated 
there are few studies regarding the effectiveness of MyPlate nutrition education, and public 
understanding and utilization of the Dietary Guidelines for Americans is not well studied.79 A more recent 
cross-sectional study by Schwartz & Vernalli (2019) using participants from the 2011-2014 NHANES survey 
data, reported that participants who used MyPlate or MyPyramid had lower dietary energy (1.8 kcal/g 
compared to 1.9 kcal/g, p=0.0003), less refined grains and more whole grains (5.9 oz. versus 6.5 oz., 
p=0.0007 and 1.1 oz. versus 0.8 oz., p=0.0007, respectively), more dark leafy green consumption 
(p=0.006), and lower intake of added sugars (18 tsp compared to 21 tsp, p=0.0005) and solid fats (34 g 
versus 39 g, p<0.0001).80  Chrisman and Rios (2019) found knowledge, self-efficacy, and behaviors related 
to food purchasing were improved and maintained for two months in a convenience sample of Latinas 
after watching videos based on MyPlate.77 Another study reported eating behavior and food group 
recognition improved among college students who received text messages with the MyPlate icon.81 
Newer research being conducted suggests that MyPlate offers a narrow view of how diet relates to 
health.82 According to Monteiro et al., (2017), conventional food classifications, such as MyPlate, groups 
foods according to nutrients which can group foods together that have different effects on health and 
disease.83 Monteiro et al., (2015) suggests that current American dietary guidelines are slow to respond to 
changes in food supplies and how this impacts dietary patterns and overall well-being.82 Meanwhile, 
Brazil’s 2014 dietary guidelines take into account social and cultural aspects of dietary practice, such as 
how or when food is eaten and the symbolic and emotional values of food.  Social and environmental 
22 
 
sustainability is also discussed, as well as focusing on how food was processed.84 Herforth et al., (2019) 
suggests that future dietary guidelines should include environmental sustainability and increased 
attention to sociocultural factors including rapidly changing dietary trends such as increased consumption 
of “junk”/ultra-processed foods.85 The authors also mention that regional and global dietary 
recommendations are important for measuring diet quality nationally and globally.85 The impact of 
Brazil’s dietary guidelines have not yet been evaluated, but if there is a positive effect on health and 
dietary patterns in Brazil, this could be a catalyst for the U.S. to adopt food processing recommendations 
into their own dietary guidelines.  
1.4. NOVA 
The United Nations (UN), guided by the Food and Agricultural Organization (FAO), World Health 
Organization (WHO), and other UN agencies, declared 2016-2025 to be the “Decade of Action on 
Nutrition.”86 In support of the UN initiative, the FAO and Pan American Health Organization (PAHO) 
published separate reports referencing production and consumption of ultra-processed food and drink 
products as a reason for the rise in obesity.87,88 
 Food processing is defined as any deliberate change made in a food from the time of origin to the 
time of consumption, and dates back to pre-historic times (e.g. drying, salting, cooking) to make food 
edible for a longer period of time.89 Advances in food processing over time have further enhanced shelf-
life, allowed for safe preservation techniques, and enriched and fortified foods to decrease nutritional 
deficiencies.89 Food processing has helped ensure a safe, diverse, abundant, and more accessible food 
supply.90 Concurrently, highly processed foods have become a dominant food category and are the 
prominent source of calories in most countries. As these “ultra-processed products” are now prominent in 
global food supplies, a new system was created approximately a decade ago to classify foods and food 
products based on the extent of how they are industrially processed to better align with the 
contemporary food environment.91 NOVA, a name and not an acronym, has four separate groups based 
on levels of food processing (Table 4).91 
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Table 4.  NOVA food classification groups91 
Group 1: 
Unprocessed 
or minimally 
processed 
foods 
Unprocessed (or natural) foods are edible parts of plants (seeds, fruits, leaves, stems, roots) or of animals 
(muscle, offal, eggs, milk), and also fungi, algae and water, after separation from nature. 
 
Minimally processed foods are natural foods altered by processes that include removal of inedible or 
unwanted parts, and drying, crushing, grinding, fractioning, filtering, roasting, boiling, non-alcoholic 
fermentation, pasteurization, refrigeration, chilling, freezing, placing in containers and vacuum-packaging.  
 
These processes are designed to preserve natural foods, to make them suitable for storage, or to make 
them safe or edible or more pleasant to consume. Many unprocessed or minimally processed foods are 
prepared and cooked at home or in restaurant kitchens in combination with processed culinary ingredients 
as dishes or meals 
Group 2: 
Processed 
culinary 
ingredients 
Processed culinary ingredients, such as oils, butter, sugar and salt, are substances derived from Group 1 
foods or from nature by processes that include pressing, refining, grinding, milling and drying. The purpose 
of such processes is to make durable products that are suitable for use in home and restaurant kitchens to 
prepare, season and cook Group 1 foods and to make with them varied and enjoyable hand-made dishes 
and meals, such as stews, soups and broths, salads, breads, preserves, drinks and desserts. They are not 
meant to be consumed by themselves, and are normally used in combination with Group 1 foods to make 
freshly prepared drinks, dishes and meals. 
Group 3: 
Processed 
foods 
Processed foods, such as bottled vegetables, canned fish, fruits in syrup, cheeses and freshly made breads, 
are made essentially by adding salt, oil, sugar or other substances from Group 2 to Group 1 foods. 
 
Processes include various preservation or cooking methods, and, in the case of breads and cheese, non-
alcoholic fermentation. Most processed foods have two or three ingredients, and are recognizable as 
modified versions of Group 1 foods. They are edible by themselves or, more usually, in combination with 
other foods. The purpose of processing here is to increase the durability of Group 1 foods, or to modify or 
enhance their sensory qualities. 
Group 4: 
Ultra-
processed 
foods 
Ultra-processed foods, such as soft drinks, sweet or savory packaged snacks, reconstituted meat products 
and pre-prepared frozen dishes, are not modified foods but formulations made mostly or entirely from 
substances derived from foods and additives, with little if any intact Group 1 food. 
 
Ingredients of these formulations usually include those also used in processed foods, such as sugars, oils, 
fats or salt. But ultra-processed products also include other sources of energy and nutrients not normally 
used in culinary preparations. Some of these are directly extracted from foods, such as casein, lactose, 
whey and gluten. 
 
Many are derived from further processing of food constituents, such as hydrogenated or esterified oils, 
hydrolyzed proteins, soya protein isolate, maltodextrin, invert sugar and high-fructose corn syrup. 
Additives in ultra-processed foods include some also used in processed foods, such as preservatives, 
antioxidants and stabilizers. Classes of additives found only in ultra-processed products include those used 
to imitate or enhance the sensory qualities of foods or to disguise unpalatable aspects of the final product. 
These additives include dyes and other colors, color stabilizers; flavors, flavor enhancers, non-sugar 
sweeteners; and processing aids such as carbonating, firming, bulking and anti-bulking, de-foaming, anti-
caking and glazing agents, emulsifiers, sequestrants and humectants. 
 
A multitude of sequences of processes is used to combine the usually many ingredients and to create the 
final product (hence 'ultra-processed'). The processes include several with no domestic equivalents, such 
as hydrogenation and hydrolyzation, extrusion and molding, and pre-processing for frying. 
The overall purpose of ultra-processing is to create branded, convenient (durable, ready to consume), 
attractive (hyper-palatable) and highly profitable (low-cost ingredients) food products designed to displace 
all other food groups. Ultra-processed food products are usually packaged attractively and marketed 
intensively. 
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1.4.1. Ultra-processed products and diet quality, health  
There is strong evidence linking consumption of ultra-processed products with poor dietary and 
health outcomes. Ultra-processed foods are linked to poor diet quality,92 obesity,93,94 hypertension,95 
dyslipidemia,96 type 2 diabetes,97 and cancer.98 These nutrition-related chronic diseases can arise from 
ultra-processed products because they tend to be convenience or ready-to-eat foods that require no 
preparation before consumption,99 and are often higher in energy density, fat, sugar, and sodium.100-102 
The proportion of how much ultra-processed foods make up our diet in total energy intake ranges 
from as low as 20% in Brazil100 to as high as approximately 60% in the U.S.103 Ultra-processed energy 
intake makes up 48% of diets in Canada,104 29% in Mexico,105 28% in Chile,106 57% in the United 
Kingdom,107 and 40% in Malaysia.108 France has lower intake of ultra-processed products in the diet 
(35.9%), a low percentage for a wealthy nation, but is attributed to the notion that traditional diets based 
on freshly prepared meals still prevail.107  
A cross-sectional study in the UK found that as ultra-processed consumption increased, so did intake 
of sugars and sodium (by 85% and 55%, respectively), putting individuals at greater risk for nutrition-
related chronic diseases.107 A prospective cohort study followed up with university graduates from 
Seguimiento Universidad de Navarra (SUN) every two years between 1999 and 2018 for food and drink 
consumption, classified by the NOVA food classification system.109 Of the 335 deaths that occurred during 
follow-ups, participants in the highest quartile of ultra-processed food consumption (>4 servings per day) 
had a 62% higher hazard ratio for all-cause mortality (adjusted HR: 1.62, 95% CI: 1.13-2.33).109 
Furthermore, for each additional serving of ultra-processed foods per day, all-cause mortality increased 
by 18% (adjusted HR: 1.18, 95% CI: 1.05-1.33).109  
In France, a prospective study showed that for every 10% increase in the proportion of ultra-
processed foods, there was a significant increase of more than 10% risk of overall cancer and breast 
cancer (HR: 1.12, 95% CI:1.06-1.18, p for trend <0.001, and HR:1.11, 95% CI:1.02-1.22, p for trend <0.02, 
respectively).98 Among children, ultra-processed food intake was a predictor for higher total cholesterol 
(p=0.047) and LDL cholesterol (p=0.047) scores from preschool to school age.96 Greater consumption of 
25 
 
ultra-processed foods also puts individuals at greater risk of developing hypertension (adjusted HR: 1.21, 
95% CI: 1.06-1.37, p for trend <0.004).95 Risk of metabolic syndrome also increased with higher average 
daily intake of ultra-processed foods (p=0.012),110 and many studies have food an association between 
ultra-processed food consumption and obesity.102,111-113  
In the U.S., NOVA has been used to describe dietary patterns and assess overall consumption of 
added sugars. Evidence from a cross-sectional study showed that ultra-processed foods comprised 58% of 
energy intake and contributed to almost 90% of the energy intake from added sugars.103 There was a 
strong linear association between total energy intake from ultra-processed foods and dietary content 
(percentage of calories) in added sugars (coefficient for linear term: 0.20, 95% CI: 0.17-0.23).103  
The U.S. currently consumes the highest amount of its calories from ultra-processed products.103 
Given the ubiquity of these products in the U.S. food system and their health consequences, it is 
important to understand their implications for public health nutrition. Innovative methods including food-
based frameworks like NOVA, may lead to more effective research, educational, and intervention 
strategies through which to decrease the burden associated with nutrition-related chronic diseases.  
1.4.2. NOVA criticism  
Not everyone has embraced the concept of NOVA, and a critical evaluation by Gibney et al., (2017) 
addressed what they believed to be shortcomings and limitations to NOVA.114 Gibney et al., (2017) 
believes there is a lack of evidence that ultra-processed foods are hyper-palatable foods or quasi-
addictive.114 Furthermore, Gibney et al., (2017) suggests that NOVA lacks the ability to contribute to the 
development of dietary guidelines, as the definition of ultra-processed foods are broad and thus lack the 
ability to contribute to nutrition research of overall adequacy of dietary patterns.114 For research 
purposes, Poti et al., (2018), also discussed how the inconsistencies of the definition of ultra-processed 
foods and classification scheme for food processing has limited prospective epidemiologic evidence 
examining the role of food processing in the development of obesity.115 Monteiro et al., (2017) rebutted 
the Gibney et al., (2017) appraisal and the impossibility of NOVA in a food-based dietary guideline by 
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stating that Brazil and Uruguay have already implemented NOVA-related concepts into their dietary 
guidelines.116   
Gibney et al., (2017) also states there is minimal evidence that the globalization of food is increasing 
ultra-processed food consumption in low-to middle-income countries. This suggests there is little 
advantage of using the NOVA classification system compared to current epidemiologic approaches that 
rely on the impact of nutrient intake on chronic diseases.114 Monteiro et al., (2017) contradicts this notion 
by citing a PAHO report that states, “The markets of several ultra-processed products are oligopolistic, 
dominated by transnational corporations. The market for two leading types of ultra-processed products-
carbonated soft drinks and sweet or savory snacks- is highly concentrated with more than two thirds of all 
sales captured by two companies.”117 Regarding the Gibney et al., (2017) comment that NOVA provides 
no advantage when assessing nutrient intake on chronic diseases, Monteiro et al., (2017) challenges this 
notion by stating that all studies except one cited in the appraisal showed an association between ultra-
processed foods and negative health effects.116 
The 2014 American Society for Nutrition also took issue with NOVA’s classification of processed 
foods, suggesting that categorizing foods is subjective, and instead favors the International Food 
Information Council’s (IFIC) definition of processed foods.118 The American Society for Nutrition also 
believes NOVA’s term “ultra-processed” is “extreme” and further stated that the degree of processing 
does not necessarily reflect the nutrient content of foods.118 Monteiro et al., (2017) argues that foods are 
meticulously grouped according to the nature, purpose, and extent of food processing, and that this 
system of classification works to predict the nutritional quality of diets and risk of disease.116  
Monteiro et al., (2017) also brings up that the primary, secondary, and fourth author of the Gibney et 
al., (2017) paper had conflicts of interest as each author worked for either Nestle, Cereal Partners 
Worldwide, or McDonald’s.116 A 2018 rebuttal to the criticism of NOVA, found that 32 of the materials 
criticizing NOVA were non-peer-reviewed and that 33 of 38 authors of those documents had relationships 
with the ultra-processed product industry.119  
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The evidence shows that high intake of ultra-processed products is commonplace globally. The clear 
links between these ultra-processed products and human health should encourage national and 
international organizations to consider food-based approaches into dietary guidelines.  
1.4.3. NOVA in dietary guidelines 
NOVA concepts have been adopted into Brazil’s 2014 Dietary Guidelines, which list “10 steps to a 
healthy diet”, including making minimally processed foods the basis of one’s diet, limiting processed 
foods, and avoiding ultra-processed foods.84 Similarly, Uruguay revised their dietary guidelines in 2016 
and used NOVA language such as “avoid[ing] regular consumption of ultra-processed products.”120 In 
2019, Canada also revised their dietary guidelines and no longer suggests food groups or recommended 
servings.121 Instead, there is greater emphasis on eating plenty of fruits and vegetables, whole grains, and 
consuming more plant-based protein sources. The Canadian dietary guidelines encourages limiting highly 
processed foods, reading food labels, and cooking more often.121  
There is currently no experimental or quasi-experimental evidence examining the impact of NOVA-
based dietary guidelines on food patterns or dietary habits. Implementing NOVA nutrition education 
interventions could be impactful in the U.S., especially among U.S. students in higher education, as college 
students are more prone to unhealthy snacking and have high consumption of convenience high-calorie 
foods.122 Although students might be aware of the importance of meeting nutritional recommendations, 
they might not have the knowledge about how to make better dietary choices, such as limiting ultra-
processed products. There is scarce literature about the impact of nutrition education on college 
students’ dietary behaviors, and even less literature about best practices on how to reach college 
students to change lifestyle behaviors.   
1.5. Rationale 
 
Students in higher education settings present unique public health challenges. Lederer & Oswalt 
(2017) discuss the value of health promotion in higher education settings, calling college students an 
important priority population, and highlight college as an opportunity to teach chronic disease prevention 
and health promotion.123 Given the high prevalence of food insecurity in the college population along with 
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the high intake of ultra-processed foods among college students, higher education could be the optimal 
setting to help alleviate food insecurity while also providing nutrition education to students.123 With 
limited literature on the impact of nutrition education and dietary habits among college students, more 
nutrition education interventions are needed as well as studying its impact on college students. Further, 
as more college campuses implement food resources and SNAP outreach, studying their impact on college 
food insecurity is necessary to determine their effectiveness.  
The objectives of this study are to: 
1.) Examine the impact of CalFresh enrollment on self-reported food security status. This will be 
evaluated by measuring food security status using the USDA 6-Item Short Form Food Security 
Assessment Module, which provides food security status in four categories (food security, 
marginal food security, low food security, and very low food security) at baseline, three months, 
and six months post enrollment. 
a. Hypothesis: Self-reported food insecurity will decrease among students receiving 
CalFresh benefits. 
2.) Evaluate the impact of two different nutrition education interventions (MyPlate, MyPlate+NOVA, 
control) on participants’ dietary habits. This will be evaluated using an adapted dietary screener 
questionnaire (DSQ) focusing on fruit and vegetable intake, whole grain intake, added sugar 
intake, and ultra-processed food consumption at baseline, three months, and six months post 
enrollment.  
a. Hypothesis 1: Fruit, vegetable, and whole grain consumption will increase and added 
sugar consumption will decrease in the MyPlate and MyPlate+NOVA groups 
b. Hypothesis 2: Ultra-processed food consumption will decrease in the MyPlate+NOVA 
group 
3.) Evaluate the impact of two different nutrition education interventions (MyPlate, MyPlate+NOVA, 
control) on participants’ nutrition knowledge at baseline, three months, and six months post 
enrollment. 
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a. Hypothesis: Nutrition knowledge scores will be highest among the MyPlate+NOVA 
group.  
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Chapter 2 
METHODS 
In 2016, the California Department of Social Services (CDSS) contracted the California State University 
(CSU) Chico Center for Healthy Communities (CHC) to provide CalFresh Outreach on 11 CSU campuses.124 
Priorities included assisting high-need students with the CalFresh application process, helping students 
obtain verification documents, and helping students navigate through the 30-day application process.125 
Intended outcomes of the CSU CalFresh Outreach project would be to enroll eligible students in CalFresh 
to decrease student food insecurity and increase CalFresh participation and economic activity. In 2018, 
the grant was extended through 2021 and included more than forty college campuses spanning all three 
public higher education systems in California.125  
This research project parallels the 2016-2018 CSU CalFresh Outreach program. Cal Poly, San Luis 
Obispo is one of the sub-contractors under the CSU Chico CHC CalFresh Outreach program. Cal Poly 
CalFresh Outreach staff who worked outreach events and provided application assistance to students also 
recruited students for this research project. All participants in this study applied for CalFresh with the 
assistance of the Cal Poly CalFresh Outreach team.  
2.1. Participants and study design 
Students applying for CalFresh with the assistance of the Cal Poly CalFresh Outreach Team (using the 
public MyBenefits CalWin online application portal) between October 2017 and May 2018 were invited to 
participate in the CalFresh Nutrition Study. Outreach efforts on the Cal Poly, SLO campus included 
campus-wide tabling events, drop-in hours and private appointments for students to sign-up for CalFresh, 
promotional activities such as flyering and presentations to students, faculty, and campus organizations.  
This study assessed food security status, dietary habits, and nutrition knowledge at baseline (enrollment), 
three months, and six months using an electronic self-reported survey. One hundred and five students 
agreed to participate in the study and completed a written, informed consent. Students were randomly 
assigned to one of three intervention groups after they completed their application for CalFresh. Inclusion 
criteria were that all participants must be Cal Poly students not graduating before June 2018, have access 
to a smartphone, and be applying for CalFresh as a “household of one” per the CalFresh definition of a 
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household. According to the California Department of Social Services, a “household of one” means that 
the CalFresh applicant purchases and prepares most of the food they consume for themselves only,  58 
which was the case for the majority of the Cal Poly, SLO students coming in to apply for CalFresh.  
This study has 2 main components, each of which had slightly different study designs. CalFresh 
participation on food security status was a longitudinal, natural experiment. The nutrition education 
intervention was a randomized controlled trial.  
2.2. Intervention 
The CalFresh Nutrition Study was a rolling intervention lasting six months for each participant 
between November 2017 and May 2018. Study periods commenced approximately every two weeks 
during this period, each including between 3 and 10 participants who had enrolled during this time. The 
study was completed in November 2018 after the last group to start the intervention in May submitted 
their final 6-month surveys. The experimental portion of the study was a 12-week nutrition education 
intervention that delivered nutrition education messages between baseline and three months via text 
message. Health interventions utilizing text messaging have shown good efficacy as mobile health 
interventions.126 Mobile health interventions are designed to increase healthy behaviors and/or improve 
disease management and have shown promise in providing individual-level support to healthcare 
consumers.126 Participants were randomly assigned to one of three intervention groups: the MyPlate 
group, MyPlate+NOVA group, and the control group, who received no nutrition education messages. 
Participants in the MyPlate and MyPlate+NOVA intervention group were sent two nutrition education 
messages per week for 12 weeks. The first message of the week was sent on a Monday, and contained 
“informational” messaging about fruits and vegetables, whole grains, added sugars, and/or ultra-
processed products. The second message of the week was sent on a Thursday, and contained a 
“challenge” message for students in line with that week’s informational message, for example, to 
incorporate more fruits and vegetables in their diets. Some of the challenge messages also contained 
ideas about how to substitute ultra-processed products for minimally processed products.  
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The MyPlate intervention group received text message content created using official USDA MyPlate 
resources, using language found on the www.choosemyplate.gov website. The MyPlate+NOVA 
intervention messages were combined messages integrating MyPlate and NOVA themes. The additional 
messages containing NOVA themes were drawn from various NOVA research articles and resources. Refer 
to Appendix A for exact messaging content and references. 
All participants were sent the survey links and nutrition education messages via an online texting 
platform called “EZ Texting.” Participants could text the word “stop” to remove themselves from the 
study at any time. Participants were sent different baseline survey links corresponding to their 
intervention group, but all participants took the same baseline survey comprised of 57 questions (See 
Appendix B for full survey). Follow-up surveys were identical to the baseline survey. 
Participants had a one-week window to take the baseline survey to receive a $10 Amazon gift card 
upon submitting their survey. Students who did not participate in the baseline survey were removed from 
the study. Of the 105 students who agreed to participate in the study, 70 students took the baseline 
survey to remain in the study. After the 12-week nutrition education intervention, all three intervention 
groups were sent the 3-month follow-up survey with a one-week period to take the survey and receive a 
$15 Amazon gift card. The 6-month survey was sent out to each intervention group 12 weeks later with 
no contact between the 3 and 6-month follow-ups. Participants had a one-week window to take the 6-
month survey and receive a $20 Amazon gift card. The study timeline can be seen in Figure 5.  
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Figure 5. Study Timeline 
 
2.3. Survey Content 
The first component of the survey asked students various sociodemographic and descriptive 
questions. The second component assessed for food security status using the USDA Food Security Survey 
Module: Six-Item Short Form using the 30-day reference period. Additional methods of assessing food 
security status included perceptions and timing of food insecurity. CalFresh and other food resource 
utilization questions were also asked, including CalFresh status (enrolled, not enrolled, or pending), 
CalFresh monthly allotment amount in dollars, and time since enrollment. For quality control, self-
reported CalFresh status and allotment amount was compared to internal CalFresh Outreach Team data 
logs to ensure accuracy. 
The third component of the survey assessed students’ dietary behaviors using the National Health 
and Examination Survey (NHANES) 2009-2010 Dietary Screener Questionnaire (DSQ). The DSQ was 
adapted to capture data on ultra-processed products that would otherwise not be included. There were 
21 DSQ questions, and 13 were adapted to assess for ultra-processed consumption. For example, 
“Mexican-type salsa made with tomato” was split into two parts: “Store-bought Mexican-type salsa” 
(assumed to be ultra-processed) and “Homemade Mexican-type salsa” (assumed to be non-ultra-
processed). Furthermore, the original NHANES 2009-2010 DSQ was meant to capture consumption of 
fruits and vegetables, whole grains, added sugars, dairy, calcium, fiber, red meat, and processed meat. 
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The CalFresh Nutrition Study only included questions from the DSQ pertaining to fruits and vegetables, 
whole grains, and added sugars. Table 5 shows which food items were classified into the food groups of 
fruits and vegetables, added sugars, and whole grains. Table 6 shows which food items were categorized 
as ultra-processed or not.  
Table 5. Food groups measured by the NHANES 2009-2010 DSQ and which food items asked in the DSQ 
belong in each group 
Food groups Food Items 
Fruits and vegetables (cups per day)  Fruit 
 Fruit juice 
 Salad 
 Fried potatoes 
 Other potatoes 
 Dried beans 
 Other vegetables 
 Tomato sauce 
 Salsa 
 Pizza 
Added sugars (teaspoons per day)  Soda 
 Fruit drinks 
 Cookies, cake, pie 
 Doughnuts 
 Ice cream 
 Sugar/honey in coffee/tea 
 Candy 
 Cereal and cereal type 
Whole grains (grams per day)  Whole grain bread 
 Popcorn 
 Whole grain rice 
 Cereal and cereal type 
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Table 6. Individual food items asked in the adapted NHANES 2009-2010 Dietary Screener Questionnaire 
classified as ultra-processed or not ultra-processed 
Foods in the DSQ classified as not ultra-
processed 
Foods in the DSQ classified as ultra-processed 
Hot or cold cereals classified as not ultra-
processed by the researches according to 
ingredients 
Hot or cold cereals classified as ultra-processed by 
the researches according to ingredients 
Brown rice  
Popcorn made at home Store-bought or movie theater popcorn 
 Whole grain bread 
 Soda 
100% fruit juice  
Coffee  Coffee  
 Fruit drinks 
Fruit  
Salad with homemade dressing Salad with store-bought dressing 
Assumed all fried potato intake was ultra-
processed 
Fried potatoes 
Homemade potato dishes Store-bought potato dishes 
Dried beans made at home 
Canned, plain beans 
Store-bought beans 
Other vegetables  
Homemade Mexican-type salsa Store-bought Mexican-type salsa 
 Pizza 
Homemade tomato sauce Store-bought tomato sauce 
 Candy 
 Doughnuts 
Homemade baked goods Store-bought baked goods 
 Frozen desserts 
 
The final adaptation to NHANES 2009-2010 DSQ included adding questions regarding frequency of 
diet soda and diet fruit drinks since these would not have been originally captured as they contain no 
added sugars (but do contain non-caloric sweeteners) and were relevant to the ultra-processed category. 
The fourth and final component of the study assessed participants’ nutrition knowledge. There were 
14 multiple choice nutrition knowledge questions created by the researchers directly from information 
that participants would have received in the nutrition education messages. Eight of the questions were 
specific only to the MyPlate+NOVA group, two of the questions were specific only to the MyPlate group, 
and four of the questions applied to both the MyPlate and MyPlate+NOVA group.  
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2.4. Scoring the surveys 
2.4.1. Food security 
Food security status was scored using the USDA Food Security Survey Module: Six-Item Short Form 
guidelines (Appendix A).124 According to their guidelines, “Responses of ‘often’ or ‘sometimes’ on 
questions HH3 and HH4, and ‘yes’ on AD1, AD2, and AD3 are coded as affirmative (yes). Responses of ‘3 
days or more’ on AD1a are coded as affirmative (yes). The sum of affirmative responses to the six 
questions in the module is the household’s raw score on the scale”. Food security status was assigned as 
follows:127  
Raw score 0-1 High or marginal food security (raw score 1 may 
be considered marginal food security, but a large 
proportion of households that would be measured 
as having marginal food security using the 
household or adult scale will have raw score zero 
on the six-item scale) 
Raw score 2-4 Low food security 
Raw score 5-6 Very low food security 
 
2.4.2. Dietary Screener Questionnaire (DSQ) 
The DSQ was scored to assess for fruit and vegetable intake, whole grain intake, and added sugar 
intake. Scoring the DSQ was in accordance with the 2009-2010 NHANES scoring procedures.128 Frequency 
was calculated by using a converted “rate and time unit” using a pre-determined algorithm with values 
varying between each specific foods and beverages.128 Next, portion size was determined using another 
scoring algorithm which accounted for participant sex and age. Mean intake of food groups were 
determined by multiplying the daily frequency by the portion size and measured in cups per day for fruit 
and vegetables, grams per day for whole grains, and teaspoons per day for added sugars.  
Capturing cereal data required additional steps, depending on types of cereal reported by 
participants as whole grain and added sugar content in cereal varies. The National Cancer Institute 
provided a list of cereals with a pre-determined score of either a 1, 2, or 3 for added sugars and whole 
grains.129 Cereals classified as high in added sugars were placed in the third tertile for added sugars, while 
cereals high in whole grains were placed in the third tertile for whole grains.129 After cereals had been 
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placed in their respective tertile group, calculating cereal mean intake could be done utilizing the same 
steps as previously mentioned. Participants with two or more cereals reported in the DSQ, only had the 
first two cereals assessed. If a participant had two cereals analyzed, the first cereal accounted for 75% of 
the mean intake equation for sugar and whole grains, and the second cereal accounted for 25% of the 
equation for both added sugar and whole grain mean intake.128  
Scoring the DSQ to account for ultra-processed intake required different analyses. Given that the DSQ 
was specific to the original NHANES 2009-2010 questions, the algorithm to determine mean intake could 
not be utilized for ultra-processed food groups. Therefore, the proportion of added sugars, fruits and 
vegetables, and whole grain consumption that were ultra-processed (shown in Table 6) was determined 
by frequency of intake using participants’ survey responses on the DSQ. The total proportion of ultra-
processed intake for all food groups was also analyzed. 
2.4.3. Nutrition knowledge 
There were 14 multiple choice nutrition knowledge questions asked to all participants. Each question 
was worth either 0 or 1 point (incorrect or correct, respectively), and participants were given a total score 
out of 14.  
2.5. Statistical Analysis 
Descriptive and sociodemographic characteristics were descriptively summarized. P-values were 
derived using Fisher exact chi-squared tests for the following comparisons: two- and four-category food 
security groups by sociodemographic variables; CalFresh enrollment during study period and prior 
CalFresh enrollment; food security status across baseline, three months, and six months; and proportion 
of ultra-processed food intake by descriptive variables and intervention group. The alpha limit for 
significance was set at 0.05. One-way ANOVA was used to compare mean intake (in cups, teaspoons, and 
grams) of MyPlate food groups by descriptive variables and by intervention group. Adjusted analyses 
included multiple logistic regression according to hierarchical conceptual models (Tables 7 and 8) to 
examine the impact of CalFresh use on food security status and also for nutrition knowledge outcomes 
(above or below overall mean score). According to Victora et al., (1997), the choice of factors to be 
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included in hierarchical models are based on hierarchical relationships between risk factors, wherein 
variables near the top of the model influence the variables below them.130 
Table 7. Hierarchical conceptual model using logistic regression for food security status  
Exposure CalFresh use 
Level 1 Gender and race/ethnicity  
Level 2 Years in school (1-2 years, 3-4 years, 5+ years)  
Level 3 Other resources (Cal Poly food pantry, Cal Poly meal vouchers, off-campus 
food pantries, and the Cal Poly Cares Grant).  
Level 4 Survey timing* 
Outcome Food insecurity status 
*Participants took a survey within 2 weeks of an academic break (summer or winter break) 
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Table 8. Hierarchical conceptual model using logistic regression for nutrition knowledge  
Exposure Intervention group 
Level 1 Gender and Race/ethnicity 
Level 2 Years in school  
Outcome Nutrition knowledge  
 
All aspects of this study were approved by the Cal Poly Institutional Review Board for research 
involving human subjects.  
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Chapter 3 
RESULTS 
3.1. Descriptive characteristics  
A total of 70 participants completed the baseline survey, with no statistical significant differences 
across groups at baseline (Table 9). Questions were not required to be answered by participants in any of 
the surveys. 
Table 9. Descriptive characteristics for participants at baseline (n=70) 
Characteristic Total, % 
Age, y p>0.9 
18-20 (n=29) 41.4 
21-23 (n=33) 47.1 
24+ (n=8) 11.4 
Gender2 p=0.5 
Female (n=35) 50.7 
Male (n=34) 49.3 
Race/ethnicity p=0.9 
Asian (n=14) 20.0 
Hispanic, Latino (n=28) 40.0 
Mixed, other1 (n=9) 12.9 
White (n=19) 27.1 
Years in college2 p=0.8 
1-2 (n=25) 36.2 
3-4 (n=32) 46.4 
5+ (n=12) 17.4 
1“Mixed, other” includes Black/African-American, Native-American, or more than one race/ethnicity 
2N=69 
P-value by Fisher exact chi-squared test 
 
Overall, 83.8% of the sample reported food insecurity at baseline (48.5% reported low food security 
and 35.3% of participants reported very low food security). No differences in food insecurity prevalence 
rates were detected by descriptive variables at baseline except by race/ethnicity (p=0.01). Participants 
identifying as Asian or Mixed/Other were less likely to report food insecurity (64.3% and 62.5%, 
respectively). Asian respondents reported the highest rates of “low food security” among all 
race/ethnicities. Individuals identifying as Hispanic/Latino reported the highest rates of food insecurity 
overall (96.3%; 55.6% low food security and 40.7% very low food security). No participants identifying as 
Hispanic/Latino reported being “food secure” at baseline. Participants identifying as White had an overall 
food insecurity rate of 89.5% and had the highest rates of “very low food security” at 52.6% at baseline 
(Table 10).  
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Table 10. Food security status by descriptive variables at baseline (%)  
 Secure 
 
Marginal Low Very Low P-value 
 Food secure Food insecure  
 16.2% 83.8% -- 
Overall 8.8 7.4 48.5 35.3  
Gender     0.2 
Female (n=34) 14.7 2.9 47.1 35.3  
Male (n=33) 3.0 12.1 51.5 33.3  
Race/ethnicity     0.01 
Asian (n=14) 28.6 7.1 57.1 7.1  
Hispanic, Latino 
(n=27) 
0.0 3.7 55.6 40.7  
Mixed, Other 
(n=8) 
12.5 25.0 37.5 25.0  
White (n=19) 5.3 5.3 36.8 52.6  
Years in school     0.9 
1-2 (n=24) 8.3 8.3 50.0 33.3  
3-4 (n=31) 9.7 9.7 48.4 32.3  
5+ (n=12) 8.3 0.0 50.0 41.7  
P-value by Fisher exact chi-squared test 
3.2. Attrition 
There was loss to follow-up among all intervention groups, with similar rates by intervention group, 
as shown in Table 11. Complete data was available for 34 participants who completed all three surveys. 
Table 11. Attrition by intervention group by follow-up phase 
 Baseline 3-month follow-up 6-month follow-up 
Overall (n) 70 41 49 
MyPlate (n) 24 12 17 
MyPlate+NOVA (n) 23 12 17 
Control (n) 23 17 15 
 
Figure 6 shows the percent of participants at baseline that responded “yes” to questions from the 
U.S. Household Food Security Survey Module: Six-Item Short Form, and how those responses varied by 
CalFresh enrollment at the six-month follow-up. The median CalFresh benefit allotted to students was 
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$190 at baseline and six months and $191 at three months, almost the full amount allotted for CalFresh 
participants who are a “household of one” (Table 12). 
 
 
*”Yes” response if participants answered “often true” or “sometimes true”**”Yes” response if participants answered “yes” 
***”Yes” response if participants answered 3 days or more 
Figure 6. Affirmative responses to questions on the U.S. Household Food Security Survey Module: Six-
Item Short Form at baseline and by CalFresh status at the six-month follow-up 
 
  
0 10 20 30 40 50 60 70 80 90
6. In the last 30 days, were you ever hungry but didn't eat
because there wasn't enough money for food?
5. In the last 30 days, did you ever eat less than you felt
you should because there wasn't enough money for food?
4. If yes above, in the last 30 days, how many days did
this happen
3. In the last 30 days did you ever cut the size of your
meals or skip meals because there wasn't enough money
for food?
2. I couldn't afford to eat balanced meals
1. The food that I bought just didn't last, and I didn't have
money to get more
"Yes" responses (%)Responses at baseline (%)
Responses at 6-months & receiving CalFresh (%)
Responses at 6-months & not receiving CalFresh (%)
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Table 12. CalFresh status during study period by follow-up phase and CalFresh benefit amount1 
 Baseline (n=70) 3-month follow up 
(n=41) 
6-month follow up 
(n=48) 
Enrolled in CalFresh (N, %) 19 (27%) 28 (68%) 31 (65%)  
CalFresh benefit amount, $ (median, 
interquartile range) 
190 (144-192) 
 
191 (128-192) 190 (143-192) 
1Participants reporting “Pending” CalFresh status categorized as not participating 
In the MyPlate intervention group, the number of CalFresh participants increased from 7 at baseline 
to 8 participants at three-months to 11 participants at the six-month follow-up. In the MyPlate+NOVA 
group, the number of CalFresh participants increased from 5 participants at baseline to 9 participants at 
three-months, to 11 participants at the six-month follow-up. In the control group, there were 6 CalFresh 
participants at baseline, 11 participants at three-months, and 9 participants at the six-month follow-up. 
3.3. Food security status 
Table 13 shows food security status for all participants at each study phase. Overall food security 
increased from 8.8% at baseline to 31.9% at the six-month follow-up (p<0.05). Marginal food security 
increased from 7.4% at baseline to 23.4% at the six-month follow up (p<0.05) Low food security 
decreased from 48.5% to 29.8% after six months and very low food security decreased from 35.3% to 
14.9% after six months (p<0.05 for all).  
Food insecurity decreased significantly for students receiving CalFresh. Among participants receiving 
CalFresh, food insecurity decreased by approximately 63% from baseline to six-month follow-up. Food 
insecurity decreased from 77.8% at baseline to 40.7% at three-months to 29.0% at the six-month follow-
up (p<0.05). Among participants not receiving CalFresh, food insecurity decreased from 86.0% at baseline 
to 64.3% at 3-months follow-up, and then increased to 73.3% at 6-months (p>0.05) (Figure 7). At the six-
month follow-up, there was a significant difference when comparing self-reported food insecurity 
between students receiving CalFresh and students not receiving CalFresh.  The prevalence rate of food 
insecurity at six-months follow-up was at 29.0% for CalFresh participants, but remained significantly 
higher for non-CalFresh participants at 73.3% (p=0.004). 
Self-reported perception of food security also differed during the academic year among those 
enrolled in CalFresh and those not enrolled. Perception of food insecurity was determined by asking 
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participants if they experienced “reduced quantity, quality, variety, or desirability of diet due to lack of 
money or financial reasons” during both the academic calendar year and during academic breaks.  
With CalFresh participation, perception of food insecurity during the academic year had a statistically 
significant decrease from 89% at baseline to 56% at three-months to 48% at six-months (p<0.05), 
representing a total decrease of almost 46%. Among students not receiving CalFresh, perception of food 
insecurity increased from 76% at baseline to 79% at three-months, and then decreased to 67% at six-
months (p>0.05) (Figure 8). 
In contrast, perception of food insecurity during academic breaks (summer and winter breaks) were 
similar between both CalFresh users and non-users. Among CalFresh users, perception of food insecurity 
decreased from 44% at baseline to 22% at three-months, and then increased to 29% at six-months 
(p>0.05). Among non-users, perception of food insecurity during decreased from 39% at baseline to 29% 
at three-months, and then increased to 33% at six-months (p>0.05). In this study, during academic breaks, 
students perceived themselves as much less food insecure (i.e. experienced higher food insecurity) 
compared to during the academic year. Moreover, during breaks, perceptions of food insecurity varied 
less among those utilizing CalFresh. 
Table 13. Food security status of participants by follow-up phase (%) 
 Baseline 3-month follow up 6-month follow up  
Months of study phase October-May (n=67) January-August 
(n=42) 
April-November 
(n=47) 
Four categories    
Secure 8.8a 16.7ab 31.9b 
Marginal 7.4a 35.7b 23.4b 
Low 48.5a 26.2b 29.8b 
Very low 35.3a 21.4ab 14.9b 
Two categories    
Food secure 16.2a 52.4b 55.3b 
Food insecure 83.8a 47.6b 44.7b 
Same superscript letters indicate p>0.05, different indicate p<0.05 
P-values by chi-squared test 
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For longitudinal analysis: Same superscript letters indicate p>0.05, different indicate p<0.05 
P-values by Fisher exact chi-squared testing 
Figure 7. Proportion of food insecure participants by CalFresh status at each study phase (%) 
 
 
For longitudinal analysis: Same superscript letters indicate p>0.05, different indicate p<0.05 
Figure 8. Perception of food security status during the academic year by CalFresh participation at each 
study phase (%) 
 
Table 14 shows the logistic regression findings based on a hierarchical conceptual model with non-
users of CalFresh as the reference value. CalFresh users were at significantly decreased odds of being food 
insecure, independent of the level of adjustment (OR: 0.11-0.14, depending on the model). In the fully 
adjusted model, when accounting for survey timing (students taking the survey within 2 weeks of an 
academic break), gender, race/ethnicity, years in school (1-2 years, 3-4 years, 5+ years), and use of non-
CalFresh food resources (food pantry, meal voucher program, Cal Poly Cares grant, food bank distribution 
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site), CalFresh users experienced 89% lower odds (95% CI: 0.25-0.98) of food insecurity compared to non-
users. Additionally, the timing in which participants took each survey affected reported food security 
status. Participants who took a survey within two weeks of coming back from an academic break had 
lower odds of reporting food insecurity, consistent with findings above. 
Table 14. Multiple logistic regression analysis for odds of food insecurity (vs. not food insecure) at six 
months according to the hierarchical conceptual model, OR (95% CI) 
 Level 1 Level 2  Level 3 Level 4 
CalFresh use 0.13 (0.03,0.57) 0.14 (0.03,0.70) 0.13 (0.03,0.65) 0.11 (0.02,0.75) 
Gender  1.28 (0.31,5.32) 0.99 (0.23,4.22) 1.38 (0.36,5.27) 
Race/eth (white 
ref) 
    
   Hispanic  2.41 (0.49,11.80) 1.89 (0.38,9.32) 1.78 (0.37,8.61) 
   Asian  2.47 (0.41,14.89) 2.20 (0.32,15.11) 1.05 (0.10,10.77) 
   Other  2.61 (0.12,58.37) 2.43 (0.10,56.94) 1.42 (0.06,32.71) 
Years in school   0.86 (0.26,2.82) 1.00 (0.31,3.16) 
Other resources    0.26 (0.03,2.08) 
Survey 0.15 (0.02,1.32) 0.16 (0.03,0.92) 0.16 (0.03,1.00) 0.13 (0.02,0.79) 
Survey timing was also included in all models (shown above) to test a secondary hypothesis. 
3.4. Dietary screener questionnaire 
Among the entire sample at baseline, consumption of fruits and vegetables was 0.9 cups per day, 
whole grain intake was 69.3 grams per day, and added sugar intake was 4.3 teaspoons per day. The only 
significant differences in consumption by descriptive characteristics at baseline was for whole grains 
between males and females, whereby men consumed more whole grains per day than women (p=0.04) 
(Table 15). Consumption of ultra-processed foods by descriptive characteristics at baseline had a 
statistically significant difference in the proportion of fruit and vegetable intake by years in school, 
whereby students in their first years of college consumed more than others (p=0.05) (Table 16).  
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Table 15. Mean (SD) intake of assessed dietary categories at baseline by descriptive characteristics 
 Fruits/Vegetables 
(cups/day) 
Whole Grains 
(gm/d) 
Added Sugars 
(tsp/day) 
Overall 0.9 (0.4) 69.3 (47.6) 4.3 (3.9) 
Gender P=0.3 P=0.04 P=0.8 
Female 0.9 (0.3) 54.1 (33.5) 5.0 (5.3) 
Male 1.0 (0.5) 82.9 (55.7) 5.4 (4.6) 
Race/Ethnicity P=0.7 P=0.8 P=0.7 
Asian 0.9 (0.5) 73.1 (44.4) 4.6 (3.4) 
Hispanic, Latino 0.9 (0.4) 61.8 (53.3) 6.3 (6.2) 
Mixed, other 1.1 (0.6) 72.7 (54.3) 2.8 (1.3) 
White 0.9 (0.5) 82.3 (30.6) 5.4 (2.8) 
Years in School P=0.3 P=0.1 P=0.4 
1-2 0.9 (0.5) 85.3 (62.8) 6.3 (5.7) 
3-4 1.0 (0.4) 66.6 (36.3) 5.9 (4.9) 
5+ 0.8 (0.4) 47.4 (34.8) 2.3 (0.8) 
Intervention group P=0.1 P=0.4 P=0.4 
MP 0.8 (0.3) 60.5 (44.5) 4.1 (4.2) 
MPNV 0.9 (0.4) 67.5 (44.6) 3.5 (2.5) 
CNT 1.1 (0.5) 84.5 (56.2) 5.6 (5.0) 
P-values by one-way ANOVA 
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Table 16. Proportion (SD) of ultra-processed food intake, by descriptive characteristics at baseline  
 Proportion of fruit 
and vegetable 
intake that is ultra-
processed (%) 
Proportion of whole 
grain intake that is 
ultra-processed (%) 
Proportion of added 
sugar intake that is 
ultra-processed (%) 
Proportion of total 
diet from ultra-
processed products, 
% 
Gender P=0.3 P=0.2 P=0.6 P=0.1  
Female 33.0 (0.2) 59.5 (0.3) 92.0 (0.1) 39.6 (0.1) 
Male 38.0 (0.2) 71.1 (0.3) 93.8 (0.1) 37.4 (0.1) 
Race/Ethnicity P=0.8 P=0.1 P=0.5 P=0.4 
Asian 35.0 (0.1) 73.8 (0.3) 92.3 (0.1) 42.0 (0.1) 
Hispanic, Latino 38.4 (0.2) 70.8 (0.3) 93.9 (0.1) 41.3 (0.1) 
Mixed, other 34.1 (0.2) 49.9 (0.3) 86.7 (0.2) 41.8 (0.1) 
White 33.3 (0.2) 52.1 (0.2) 96.8 (0.03) 33.1 (0.1) 
Years in School P=0.05 P>0.9 P=0.6 P=0.2  
1-2 43.2 (0.2) 65.5 (0.3) 89.9 (0.2) 38.1 (0.1) 
3-4 30.8 (0.2) 64.4 (0.3) 94.0 (0.1) 44.0 (0.1) 
5+ 35.5 (0.2) 62.8 (0.3) 94.7 (0.1) 37.8 (0.1) 
Intervention group P=0.1 P=0.6 P=0.7 P=0.7 
MP 29.4 (0.1) 68.5 (0.3) 94.9 (0.1) 38.1 (0.1) 
MPNV 41.2 (0.2) 59.9 (0.3) 91.0 (0.1) 41.3 (0.1) 
CNT 37.2 (0.2) 68.2 (0.3) 93.0 (0.1) 39.8 (0.1) 
 
Participants, regardless of intervention group, showed no statistical differences in mean intake of 
fruits and vegetables, whole grains, or added sugars from baseline to three-month follow-up to the six-
month follow-up (Figures 9-11). Similarly, the proportion of fruit and vegetable intake, whole grain intake, 
and added sugar intake that was ultra-processed did not show any significant changes from baseline to 
three-months to six-months. There were also no statistically significant differences in the proportion of 
the total diet that was ultra-processed (Figures 12-15). 
Although not statistically significant, a trend was observed in the decrease of whole grain 
consumption across all intervention groups. Whole grain consumption decreased from 61 grams at 
baseline to 51 grams at six-months follow-up for the MyPlate group, 68 grams at baseline to 48 grams at 
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six-months for the MyPlate+NOVA group, and 85 grams at baseline to 48 grams at six-months for the 
control group (p>0.05). Added sugar intake also decreased from baseline to six-months for the MyPlate 
group (5.6 teaspoons to 3.1 teaspoons) and control group (6.1 teaspoons to 3.4 teaspoons) (p>0.05). Fruit 
and vegetable consumption remained fairly stable and ranged from 0.8 cups to 1.1 cups across all three 
groups at each study phase (Figures 12-15). 
Regarding ultra-processed food intake, the proportion of the total diet made up of ultra-processed 
products decreased slightly among all intervention groups (p>0.05). In the MyPlate+NOVA group, the total 
diet made up of ultra-processed products decreased from 41% at baseline to 37% at six-months follow-
up. In the MyPlate group, the proportion of the total diet from ultra-processed products decreased from 
baseline to six-month follow-up from 38% to 35%, and 40% to 33% for the control group (p>0.05). The 
proportion of whole grain intake that was ultra-processed decreased among all intervention groups 
except for the MyPlate+NOVA group. The proportion of fruit and vegetable intake that was ultra-
processed showed the largest decrease among the MyPlate+NOVA group, an almost 15% decrease. The 
proportion of added sugar intake that was ultra-processed ranged from 87% to 95% among all 
intervention groups at each study phase (Figures 12-15).  
Overall, there were no differences in dietary habits from baseline to three-months to the six-month 
follow-up in any of the intervention groups. Whole grain intake, added sugar intake, fruit and vegetable 
intake, and ultra-processed food intake did not seem to be impacted by either intervention.  
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Figure 9. Fruit and vegetable consumption by intervention group (cups/day) 
 
 
 
Figure 10. Whole grain consumption by intervention group (grams/day) 
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Figure 11. Added sugar consumption by intervention group (teaspoons/day) 
 
 
 
 
Figure 12: Proportion of total diet that is ultra-processed (%) 
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Figure 13. Proportion of added sugar intake that is ultra-processed (%) 
 
 
 
 
 
Figure 14. Proportion of whole grain intake that is ultra-processed (%) 
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Figure 15. Proportion of fruit and vegetable intake that is ultra-processed (%) 
 
3.5. Nutrition knowledge  
Nutrition knowledge scores did not significantly change from baseline to three-months to the six-
month follow-up among any of the intervention groups (Table 17). Mean scores were calculated and 
scores fluctuated among each intervention group from baseline to the three-month follow-up to the six-
month follow-up. Table 18 shows multiple logistic regression analysis for the change in nutrition 
knowledge score (above or below mean score) at baseline to three-month follow up. Participants in the 
MyPlate group had lower odds of achieving at least the mean score on the nutrition knowledge quiz from 
baseline to the three-month follow-up, compared to the MyPlate+NOVA and the control intervention 
group.  
Table 17. Nutrition knowledge mean (SD) score by intervention group  
 Baseline 3-month follow-up 6-month follow-up 
MyPlate 7.0 (2.0) 5.8 (2.4) 6.9 (2.5) 
MyPlate+NOVA 7.1 (2.0) 7.3 (1.5) 6.8 (2.1) 
Control 7.2 (2.1) 8.5 (2.2) 7.4 (3.0) 
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Table 18. Multiple linear regression analysis for change in nutrition knowledge score from baseline to 
three months according to the hierarchical conceptual model, Beta (95% CI) 
 Level 1 Level 2  Level 3 
Intervention group 
(control, ref) 
   
 MyPlate -1.92 (-3.39,-0.45) -1.95 (-3.54,-0.37) -1.92 (-3.60,-0.24) 
 MyPlate+NOVA -0.83 (-2.29,0.62) -1.13 (-2.75,0.49) -1.14 (-2.80,0.53) 
Gender  -0.25 (-1.39,0.90) -0.20 (-1.48,1.08) 
Race/ethnicity 
(white, ref) 
   
   Hispanic  0.25 (-1.14,1.65) 0.28 (-1.19,1.74) 
   Asian  -1.32 (-3.11,0.47) -1.29 (-3.48,0.91) 
   Other  0.81 (-2.42,4.05) 0.80 (-2.49,4.09) 
Years in school   0.06 (-1.10,1.22) 
Dependent binary variable: Change in nutrition knowledge score 
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Chapter 4 
THESIS DISCUSSION 
This study examined the impact of CalFresh participation on student food insecurity over the span of 
6 months, and found that food insecurity decreased by almost 63% with participation in CalFresh. Two 
different 12-week nutrition education interventions (plus a control) were also implemented and showed 
no differences in dietary habits or nutrition knowledge from baseline to 3-months or baseline to 6-
months. These findings address a critical gap in the literature as there is currently no research on the 
impact of CalFresh Outreach and CalFresh participation on college food insecurity. There is also no 
research on nutrition education interventions based on NOVA concepts on dietary habits among those at 
risk for food insecurity.   
In this section, findings will be contextualized and interpreted in light of the existing literature, 
strengths and limitations of the current study will be discussed, and recommendations for future research 
will be made. 
4.1. Food security  
 Overall, food insecurity decreased among all participants by approximately 47% from baseline to the 
six-month follow-up. The largest statistically significant decrease of food insecurity was among CalFresh 
participants, which decreased by almost 63% from baseline to six-months follow-up. Although there are 
no studies examining the impact of CalFresh participation on college students, our results are in line with 
other studies evaluating the impact of CalFresh on non-students.61,62 In the study by Ratcliffe et al., 
(2011), low food security decreased by 30% and very low food security decreased by 20% among SNAP 
participants over a four-month period.62 Future research should continue to examine the impact of 
CalFresh/SNAP on college food insecurity: specifically, how it impacts prevalence rates of campus food 
insecurity, and if CalFresh/SNAP is able to provide students with the ability to purchase healthier foods as 
recommended by the American DGAs or NOVA-related recommendations.  
There was no statistically significant decrease of food insecurity among students not participating in 
CalFresh. The non-significant decrease that was observed might be attributed to other resources available 
to students outside of the CalFresh program. All students who applied for CalFresh received information 
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of other food resources both on and off the Cal Poly, SLO campus. Even if participants were not receiving 
CalFresh, they might have utilized the Cal Poly food pantry, Cal Poly meal voucher program (a program 
that provides students with a free meal at Cal Poly’s dining facility- 805 Kitchen), the Cal Poly Cares grant 
(a one-time $2000 grant to eligible students), or accessed one of the San Luis Obispo Food Bank 
distribution sites, one of which is on the Cal Poly campus every fourth Tuesday of the month. As such, 
even if students were not approved for CalFresh benefits, all students using CalFresh Outreach services 
would have also been referred to a wide range of food access services. Studies have assessed barriers to 
using food resources and knowledge of campus food resources,131,132 but the actual impact of these 
programs on food insecurity has not been fully examined, underscoring a need for further research in this 
area. 
At baseline, participants identifying as Hispanic/Latino had the highest rates of reported food 
insecurity, at 96%. This is in line with other college food security studies examining the association 
between college food insecurity status and race/ethnicity, which continuously demonstrate that Hispanic/ 
Latino students are disproportionately affected by food insecurity.10,14 The literature on college food 
security also consistently shows students identifying as Black or African-American have high rates of food 
insecurity, but this study was not able to replicate those findings due to the low proportion of African-
Americans in this study sample and population .133  
In this study, students identifying as White had the second highest prevalence rate of food insecurity. 
This might also be attributed to sample size and proportion of students in the study identifying as White 
(n=19, 27.1% of participants).133 It might also be possible that students identifying as Hispanic/Latino or 
Mixed/Other in this study may be more likely to have had previous experiences with food insecurity and 
may not assess their own situation as severe as students identifying as White, who are possibly 
experiencing food insecurity for the first time. Cal Poly, SLO is the least racially diverse campus of any CSU 
or UC campus,134,135 which might also impact the food security results in this study compared to other 
university studies. In the CSU Basic Needs Report, Cal Poly, SLO reported 27% food insecurity among 
students compared to the CSU average of 41.6%.11   
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Evidence from the 2016 UC Global Food Initiative suggests that college students face food insecurity 
for the first time after entering college.9 This report surveyed more than 66,000 students across 10 UC 
campuses, and reported that 57% of food insecure students were food insecure for the first time in 
college.9 Our results seem to support these findings, as 86% of study participants had no previous 
experience with CalFresh participation. Among students that received CalFresh, 57% of those students 
had no previous experience with CalFresh. These results suggest that most Cal Poly students experiencing 
food insecurity and seeking food resources are doing so for the first time. More qualitative data is needed 
and would be beneficial for understanding the depth and detail of food insecurity experiences among 
college students. 
Overall awareness of food resources including increased knowledge of available services, location, 
and hours of operation might be another mediating factor for Cal Poly students utilizing other food 
resources. The CalFresh Outreach office was also located in the same building as the food pantry and 
applicants were encouraged to visit the food pantry after applying. All of these factors might have 
contributed to the decrease in food security status among all participants over time. The use of the Cal 
Poly food pantry by students who are more likely to be food insecure aligns with the findings from El Zein 
et al., (2018) that found a significant association between using the University of Florida food pantry and 
food security status.131 Low and very low food secure students were more likely to use the food pantry 
than their food secure counterparts (78.6% of students versus 15% of students, p<0.0001). Furthermore, a 
third of students who utilized the campus food pantry were using the pantry as their sole source of 
food.131 Future research is needed related to pantry use among college students (such as who is using the 
food pantry and why are they using it), and how this use aligns with CalFresh/SNAP participation.  
Perception of food insecurity decreased significantly among students receiving CalFresh during the 
academic year. The results from this study suggest that not only does CalFresh help decrease food 
insecurity as defined by the USDA, but it also helps decrease students’ perception of their own food 
security status. A college student’s perception of their food security is important to assess as one study at 
a South African university examined the effects of students’ own perceived food insecurity and the 
associated consequences.136 There was a significant positive relationship between food insecurity 
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prevalence and diminished self-esteem (p<0.05). While this study does not evaluate the impact of 
students’ self-perceived food security status, future research should study the impact of one’s perception 
of food insecurity on academic indicators, mental health, and self-efficacy.  
In this study, self-perception of food insecurity did not decrease significantly during academic breaks. 
There is no literature to suggest why this might be the case, but theoretically, it could be attributed to 
students going home to a more food secure environment (e.g. in their parents’ homes) compared to their 
campus environment. This idea of students returning to a more food secure environment during breaks 
might also explain why the odds of reporting food insecurity were significantly lower when participants 
took one of the surveys within two weeks of an academic break. This is consistent with the notion that 
college students are more prone to food insecurity during the academic year, suggesting that traditional 
college students living on campus experience vastly different food security levels over the course of a 
year. Future research should examine the best methodology for evaluating student food insecurity, as this 
study suggests that the timing of a food security survey can affect self-reported food security responses. 
Although food insecurity decreased significantly among CalFresh recipients, 29% of CalFresh 
participants remained food insecure at the six-month follow-up mark. Student financial situations are 
variable, and cost of living differs depending on housing costs, financial aid availability, classroom material 
requirements, transportation costs, and other types of support such as from family. Furthermore, 
although the median CalFresh allotment among participants was $190, not every CalFresh recipient 
received this amount.  Also, the nutrition education intervention did not provide any type of education on 
how to spend or budget monthly CalFresh benefits, nor did students receive any type of nutrition 
education from the California Department of Social Services upon receiving their benefits. College 
students might be grocery shopping for the first time in college and might lack the financial and/or food 
literacy to make healthy choices on a limited budget,9 which might play a role in students remaining food 
insecure despite CalFresh participation. Future studies should examine the impact of financial and/or food 
literacy training on college food insecurity outcomes.   
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This study showed that CalFresh Outreach is an effective (at least to six months) approach to 
combating food insecurity on college campuses. Future research should also seek to examine its impact 
on academic indicators, as evidence to date is limited.  
4.2. Dietary habits  
Mean added sugar intake across intervention groups from baseline to three-months to six-months 
ranged from 3.1 teaspoons to 6.1 teaspoons across all intervention groups. This reported intake is much 
lower than national estimates. Ervin & Ogden (2013), using data from the 2005-2010 NHANES Survey 
reported that men over the age of 20 years old consumed 335 kcals from added sugars, which is the 
equivalent of 20.9 teaspoons of added sugar. Women over the age of 20 years old consumed 239 kcals 
from added sugar, the equivalent of 14.9 teaspoons of added sugar.137 It is unknown why such low 
reporting might be present in the sample, but some reasons may include reporting error or selection bias. 
Nutrition studies tend to be more prone to reporting bias as individuals tend to under-report behaviors 
viewed as inappropriate.138 If there was a measurement or reporting error, it would be more difficult to 
see a difference in added sugar intake among intervention groups, if there were any. However, these 
results do emphasize a need for better methods for studying diet, especially in the context of NOVA, food-
based dietary guidelines, and food processing.  
Mean intake of fruits and vegetables, whole grains, added sugars, and ultra-processed food intake did 
not show any statistical differences from baseline to three-month to six-month follow-up among any of 
the intervention groups. This might be attributed to limited sample size, which decreased statistical 
power to detect mean differences in consumption. A review by Lua and Elena (2012), examined the 
impact of nutrition education interventions on the dietary habits of college students. The authors 
reported that studies with significant differences in dietary habits occurred in sample sizes of at least 30 
participants.139 Future research on the impact of nutrition education on college students should have 
larger sample sizes, especially when there are multiple intervention groups.139 
The results from the dietary screener questionnaire emphasize the difficulty of capturing ultra-
processed food consumption, since a validated dietary assessment that includes ultra-processed food 
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intake does not currently exist. Nutrition education tools for NOVA messages and concepts also do not 
exist. Also, the concept of NOVA themes and limiting “ultra-processed” products might be a new concept 
for many individuals. As NOVA-based concepts are still relatively novel, it can be assumed most 
individuals are only taught the importance of nutrient-based dietary guidelines and less about food-based 
dietary guidelines.  In the U.S., most individuals have only been taught nutrition education provided by 
the USDA’s US Dietary Guidelines, which utilize a nutrient-based approach. Future research should 
specifically examine ultra-processed food consumption among college students, as well as best methods 
on how to deliver NOVA-related nutrition education to college students.  
4.3. Nutrition knowledge 
There were no statistically significant changes observed among any of the intervention groups or 
control group in regards to nutrition knowledge. Nutrition knowledge is part of an individual’s overall food 
literacy. Food literacy is defined as “understanding the impact of your food choices on your health, the 
environment, and our economy.”140 As the concept and definition of food literacy changes from initiative 
to initiative,140 a scoping review by Truman et al., (2017) identified six themes to best describe the term 
“food literacy.” These themes included cognitive (knowledge) and functional skills (skills and behaviors) at 
the individual level (food/health choices) and social level (culture, emotions, food systems). However, 
with such variability in themes, the authors discussed that successful food literacy according to one 
standard may not be successful compared to another standard.141   
Our study focused on the nutrition knowledge aspect of food literacy as it relates to MyPlate and 
NOVA-related concepts. Potential reasons for the lack of any changes in nutrition knowledge might be 
that there was no way to verify if students actually read the nutrition education interventions. NOVA is 
also a novel concept and educational messages were not validated. Limited sample size was also a factor. 
Future studies should examine the impact that food literacy has on college students’ dietary habits. The 
UC Global Food Initiative discussed the important role universities play in supporting food literacy, 
through both academic instruction and the food environment.142 Food literacy is a potential confounder in 
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this study but it was not assessed. With all of the analyses, unaccounted confounders could have 
influenced our findings in either direction.  
To the best of our knowledge, this study was the first to examine the association between CalFresh 
participation and its powerful impact on decreasing college food insecurity. This study demonstrates the 
value and importance food resources have for college students and how significantly they can decrease 
food insecurity on college campuses. Decreasing food insecurity might help students perform better 
academically and positively affect their mental and physical health. Although there were no significant 
differences in any of the nutrition education interventions, this study can serve as a pilot for future 
nutrition education interventions related to NOVA education. NOVA-related nutrition education could 
lead to decreased nutrition-related chronic diseases. Higher education is an opportune platform to 
promote a lifestyle of good health and well-being that college students can take with them for the rest of 
their lives.  
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B. Intervention messages 
Theme Type MyPlate MyPlate+NOVA Control 
Text 
message 
about 
survey 
(1 week 
prior to 
interven
tion) 
 Welcome to the CalFresh Nutrition study! Your 
participation is really appreciated, and we want to 
hear from you whether or not you are currently 
utilizing CalFresh. Complete this survey within one 
week and you'll get a $10 Amazon gift card! 
https://www.surveymonkey.com/r/Z68BJCR  
In about 3 months, another survey, and a $15 gift 
card. Finally, in about 6 months, last survey, and a 
$20 gift card. For the next 12 weeks you will be 
receiving 2 text messages per week on Mondays 
and Thursdays. To opt out of the study, reply 
'STOP'. 
 
Welcome to the CalFresh Nutrition study! Your 
participation is really appreciated, and we want to hear 
from you whether or not you are currently utilizing 
CalFresh. Complete this survey within one week and 
you'll get a $10 Amazon gift card!  
https://www.surveymonkey.com/r/Z6TR552  
In about 3 months, another survey, and a $15 gift card. 
Finally, in about 6 months, last survey, and a $20 gift 
card. For the next 12 weeks you will be receiving 2 text 
messages per week on Mondays and Thursdays. To opt 
out of the study, reply 'STOP'. 
 
Welcome to the 
CalFresh 
Nutrition study! 
Your 
participation is 
really 
appreciated, and 
we want to hear 
from you 
whether or not 
you are currently 
utilizing 
CalFresh. 
Complete this 
survey within 
one week and 
you'll get a $10 
Amazon gift 
card!   
https://www.sur
veymonkey.com/
r/Z63NVYP  
In about 3 
months, another 
survey, and a 
$15 gift card. 
Finally, in about 
6 months, last 
survey, and a 
$20 gift card. For 
the next 12 
weeks, you may 
or may not get 
text messages. 
To opt out of the 
study, reply 
'STOP'. 
 
1.  MyPlate is a reminder to find your healthy eating 
style and build it throughout your lifetime. 
Everything you eat and drink matters. The right mix 
can help you be healthier now and in the future. 
This means: 1.) Focus on variety, amount, and 
nutrition. 2.) Choose foods and beverages with less 
saturated fat, sodium, and added sugars. 3.) Start 
with small changes to build healthier eating styles. 
4.) Support healthy eating for everyone1. 
MyPlate is a reminder to find your healthy eating style1 
and food is categorized into 5 groups. 1) FRUIT group: 
includes fresh, frozen, dried fruit, and fruit juices2. 2) 
VEGETABLE group: includes fresh or frozen vegetables, 
vegetable juices, and legumes3. 3) GRAIN group: includes 
breads, pastas, tortillas, and ancient grains such as 
quinoa4. 4) PROTEIN group: examples are chicken, beef, 
pork, fish, and eggs5. 5) DAIRY group: includes milk, 
yogurt, and cheeses6. 
NOVA is different from MyPlate. NOVA groups foods by 
level of processing: 1) UNPROCESSED and minimally 
processed foods, 2) Processed culinary INGREDIENTS, 3) 
PROCESSED foods, and 4) ULTRA-PROCESSED foods. The 
Golden Rule of NOVA is "Always prefer natural or 
minimally processed foods and freshly made 
dishes/meals to ultra-processed products."7 
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  MyPlate places foods into 5 main groups. 1) FRUIT 
group: includes fresh, frozen, dried fruit, and fruit 
juices2. 2) VEGETABLE group: includes fresh or 
frozen vegetables, vegetable juices, and legumes3. 
3) GRAIN group: includes breads, pastas, tortillas, 
and ancient grains such as quinoa4. 4) PROTEIN 
group: examples are chicken, beef, pork, fish, and 
eggs5. 5) DAIRY group: includes milk, yogurt, and 
cheeses6. 
Save this message to refer back to it later, when 
you're shopping for food or cooking at home! 
(We promise future messages are MUCH shorter!) 
The NOVA food classification system places foods into 4 
main groups. 1) Unprocessed and minimally processed 
foods typically contain no added ingredients. Examples 
include: all fruits and vegetables, meats, chicken or pork, 
nuts, seeds, black coffee and tea, spices, beans, legumes, 
and other foods without any added sugars, salts, or fats. 
2) Processed culinary ingredients include salt, honey, 
regular white sugar (cane or beet), butter from milk, and 
vinegar. These are used to improve flavor or life of 
Category 1 foods. 3) Processed foods are usually from 
Groups 1 and 2 combined. Home-cooked meals and 
foods usually fall into this group. Also included are 
canned vegetables, salted, cured, or smoked meats, 
fruits in plain syrup, many cheeses, and salted or sugared 
nuts or seeds. 4) Ultra-processed products are ready-to-
eat or heat, and usually contain many ingredients. 
Examples include fast food or frozen pizzas, burgers, hot 
dogs, instant soups, noodles, and desserts, candy, 
breakfast cereals, energy bars, sodas, and energy drinks.7 
Save this message to refer back to it later, when you're 
shopping for food or cooking at home! 
(We promise future messages are MUCH shorter!) 
 
2.Fruit Informational THIS WEEK: FRUITS!  
 
Eating colorful fruits and vegetables is important 
because they provide vitamins and minerals and 
most are low calorie. Apples are a great source of 
fiber and vitamin C, but not varying your fruit 
means you might miss out on other nutrients in 
fruits such as vitamin A and potassium in 
cantaloupes8.  
 
THIS WEEK: FRUITS! 
Eating a variety of fresh fruit is the best way to get fiber 
and essential vitamins and minerals. Frozen, canned, or 
dried fruit are low-calorie and nutritious8. Stay away 
from ultra-processed fruit products such as canned fruits 
in syrup, premade fruit snacks such as fig bars, and 
applesauce made with corn syrup. These products might 
look healthy, but the ingredients label might surprise 
you. 
 
 
 Challenge/goal CHALLENGE! 
Get more fruit in your diet by blending strawberries 
with frozen bananas, yogurt, and 100% fruit juice 
for a delicious smoothie. Blend with different fruit 
to maintain variety. Check out the link to see how 
to build the perfect smoothie9! 
https://cookingmatters.org/recipes/fruit-smoothies 
CHALLENGE!  
Fruit, with its natural sweetness can replace added 
sugars to keep your meals as minimally processed as 
possible. Get more fruit in your diet by adding fruit to 
plain yogurt, on top of oatmeal, or make a fruit salad for 
dessert. Check out this link for an easy yogurt parfait that 
is perfect for breakfast or dessert10. 
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http://www.eatingwell.com/recipe/259966/mixed-fruit-
with-yogurt-topping/ 
3.Coffee Informational THIS WEEK: COFFEE & TEA!  
Coffee or black tea can be part of a healthy eating 
style, but could contain a lot of calories11. Did you 
know a Grande Caramel Frappuccino from 
Starbucks has 420 calories, 9 grams of saturated 
fat, and 66 grams of sugar12?  
  
 
Calories 420 Calories from 
Fat 140 
 % Daily Value* 
Total Fat 15g 23% 
Saturated Fat 9g 45% 
Trans Fat 0g  
Cholesterol 55mg 18% 
Sodium 250mg 10% 
Total 
Carbohydrate 67g 
22% 
Dietary Fiber 0g 0% 
Sugars 66g  
Protein 4g  
Caffeine 
100mg** 
 
 
 
THIS WEEK: COFFEE & TEA! 
Coffee and tea can be part of a healthy eating style11. 
Black coffee and plain tea are considered minimally 
processed drinks7. The addition of artificial sweeteners, 
flavors, or added sugars can turn your drink into an ultra-
processed calorie bomb. Just look at all the ultra-
processed ingredients in a 420-calorie Grande Mocha 
Frappuccino.  
 
 
 Challenge/goal CHALLENGE!  
 To maintain a healthy eating style and stay within 
your calorie needs, choose coffee and tea 
beverages with less added sugars or order a smaller 
drink size. 
Below is a list of Starbucks' low-calorie menu 
options.  
CHALLENGE! 
 
At your next coffee stop, order an unsweetened black 
coffee and add your own cream, sugar, cinnamon, or 
cocoa powder for a tasty drink that has no ultra-
processed ingredients.  
 
4.Grains 
 
Informational THIS WEEK: GRAINS!  THIS WEEK: GRAINS!  
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Your body’s quickest energy source comes from 
foods such as bread, pasta, oatmeal, cereals, and 
tortillas13. Consuming whole grains has many health 
benefits such as weight management and reducing 
the risk of heart disease14.  
 
Consuming whole grains may have health benefits such 
as weight management and reducing the risk of heart 
disease14. However, ingredients and techniques used to 
manufacture many grain products can unfavorably alter 
the nutritional composition of whole grains. For example, 
many breakfast cereals and whole grain breads contain 
ultra-processed ingredients that are banned in other 
countries such as potassium bromate15. 
 Challenge/goal CHALLENGE!  
Change up your favorite meal by making at least 
half of your grains whole grains. Here are some tips 
to get more whole grains in your diet16. 
 
  
CHALLENGE! 
Try a new grain from the list below and prepare a 
minimally processed meal from scratch! These are easier 
to prepare than you might think. 
 
 
5. 
Vegetabl
es 
Informational THIS WEEK: VEGETABLES! 
  
Based on their nutrient content, vegetables are 
organized into 5 subgroups: dark-green vegetables 
(broccoli, spinach), starchy vegetables (potatoes, 
corn), red and orange vegetables (carrots, 
tomatoes), beans and peas, and other vegetables 
(avocados, mushrooms)3. 
 
THIS WEEK: VEGETABLES! 
  
Based on their nutrient content, vegetables are 
organized into 5 subgroups: dark-green vegetables 
(broccoli, spinach), starchy vegetables (potatoes, corn), 
red and orange vegetables (carrots, tomatoes), beans 
and peas, and other vegetables (avocados, mushrooms)3. 
Fresh vegetables are unprocessed, nutritious, and should 
be the basis of your diet, either raw, cooked, or 
incorporated into freshly made meals. 
 
 Challenge/goal CHALLENGE! 
To get more vegetables in your diet, choose a 
mixed green salad as your main entree17. Choose 
vegetables of all colors and top with olive oil and 
vinegar rather than a creamy dressing. To make it 
more filling add seeds, nuts, and protein such as 
chicken, eggs, or edamame. 
CHALLENGE! 
To get more vegetables in your diet, choose a mixed 
green salad as your main entrée17. To make it more filling 
add seeds, nuts, and protein such as chicken, eggs, or 
edamame. Keep ultra-processed ingredients out of your 
salad by topping with olive oil and vinegar rather than a 
creamy dressing - or make your own! Check out the 
picture to see how you can mix and match ingredients to 
make your own salad dressing. 
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6.Pre-
made 
meals 
Informational THIS WEEK: FAST FOOD & FROZEN MEALS! 
 
Fast food and ready-to-eat meals, like frozen pizza, 
can be high in sodium, saturated fats, and added 
sugars18. Remember that everything you eat and 
drink matters. The right meals can help you be 
healthier now and in the future, so limit foods with 
lots of sodium, saturated fats, and added sugars19. 
THIS WEEK: FAST FOOD & FROZEN MEALS! 
Fast food and ready-to-eat meals, like frozen pizza, are 
high in sodium, saturated fats, added sugars18, and 
contain many ultra-processed ingredients linked with 
health risks such as obesity20 and cancer21. 
 
Avoid fast food and store-bought meals!  
 
 Challenge/goal  CHALLENGE! 
Limit foods high in solid fats, added sugars, and 
salt19. This means cutting back on fast food and 
frozen meals. Instead, make your own meals. It's 
easier (and cheaper) than you think! Check out the 
video for easy meals you can make at home! 
https://www.youtube.com/watch?v=laAj2s7BUwo
&t=58s 
CHALLENGE! 
Instead of buying fast food or frozen meals, designate a 
couple of hours to menu plan and food prep. Preparing 
homemade meals will save you money and is much 
healthier! Bring these meals to school and avoid having 
to buy something pre-made on campus. Visit 
https://www.youtube.com/watch?v=IehX_6FHTNw 
 
7.Soda Informational THIS WEEK: SODA! THIS WEEK: SODA! 
Sugar sweetened beverages, such as soda, can add about 
400 calories a day to your diet, mostly from high-fructose 
corn syrup. Diet sodas are not healthier! Don't believe 
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Sugar sweetened beverages, such as soda, have few 
nutrients, and can add about 400 calories a day to 
your diet! You might also be surprised by how 
much money you can save by limiting your soda 
consumption. Did you know the average US 
household spends $850 annually on soft drinks23? 
 
us? Look at the ultra-processed ingredients in both 
regular and diet soda. 
Additives and ultra-processed ingredients in regular and 
diet soda are linked to Type 2 diabetes24, heart disease, 
and other chronic conditions. 
  
 Challenge/goal CHALLENGE! 
Cut out at least one sugar sweetened beverage 
from your diet. Balance out your meal by drinking 
water or unsweetened iced tea. Mix fruit into your 
water, or try a sparkling water if you're missing the 
carbonation.  
 
CHALLENGE! 
Cut out all regular and diet soda. This will help you steer 
clear of sugar, high-fructose corn syrup, and artificial 
sweeteners. Instead of soda, mix fruit into your water for 
a super refreshing and healthy alternative.  
 
 
8.Breakf
ast 
cereal 
Informational THIS WEEK: BREAKFAST CEREALS!  
 
Whole grains provide many health benefits, but 
many "whole grain" breakfast cereals have lots of 
added sugars that are not part of a healthy diet. 
 
 
THIS WEEK: BREAKFAST CEREALS!  
Many breakfast cereals create a false impression of being 
healthy. Does the front of your cereal box say "Good 
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source of fiber" or "Whole grain"? 
 
Don't be fooled! Adding fiber and vitamins does not 
make a product healthy! Some of the most popular 
cereals are more than 50% sugar. 
 Challenge CHALLENGE! 
Starting with whole grains in the morning is a good 
way to start the day, but skip the sugary breakfast 
cereal. Switch to oatmeal and stay fuller longer. 
Check out this easy and low-cost banana walnut 
oatmeal recipe.  
https://whatscooking.fns.usda.gov/recipes/supple
mental-nutrition-assistance-program-snap/banana-
walnut-oatmeal 
CHALLENGE! 
Choose steel cut or rolled oats instead of sugary 
breakfast cereals. Flavor with fruit or honey. It's healthier 
and keeps you full. Avoid instant oatmeal in packets, 
which tend to have artificial flavors and other ultra-
processed ingredients. Check out this easy, low-cost 
banana walnut oatmeal recipe. 
 
https://whatscooking.fns.usda.gov/recipes/supplemental
-nutrition-assistance-program-snap/banana-walnut-
oatmeal  
 
9.Desser
ts 
(frozen, 
baked 
goods) 
 
Informational  THIS WEEK: DESSERTS! 
 
Most added sugars in the American diet come from 
beverages and dessert items such as cakes, cookies, 
ice cream, and candy26. Dessert items should be an 
occasional treat27 instead of an everyday habit. 
THIS WEEK: DESSERTS! 
Most added sugars come from beverages and dessert 
items such as cakes, cookies, candy, and ice cream26. 
Store-bought desserts can be high in many ultra-
processed ingredients that are not healthy. Look how 
many ultra-processed ingredients are in these store-
bought peanut butter cookies, such as dextrose, partially 
hydrogenated soybean oil, and corn syrup.  
 
 
 Challenge/goal CHALLENGE! 
Indulge in a naturally sweet dessert dish—fruit! 
Prepare a fresh fruit salad or a fruit parfait made 
with yogurt. For a hot dessert, check out the link to 
find an easy way to "bake" apples and top with 
cinnamon. 
https://whatscooking.fns.usda.gov/recipes/supple
mental-nutrition-assistance-program-
snap/microwave-baked-apple 
CHALLENGE! 
You don't have to skip the peanut butter cookies, just 
make them yourself! Use natural peanut butter without 
dextrose to keep them minimally processed. Check out 
this link to make delicious homemade peanut butter 
cookies with only 4 ingredients.  
https://www.popsugar.com/food/Easy-Peanut-Butter-
Cookies-37690253 
 
 
10.Snack 
foods, 
popcorn 
Informational THIS WEEK: SNACKS! THIS WEEK: SNACKS!  
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Healthy eating styles are based on choosing foods 
that contain vitamins, minerals, fiber, and other 
healthful nutrients or ingredients28. Think before 
you snack, and choose products with little or no 
saturated fat, sodium, and added sugars. 
 
 
 
 
Most college students have unstructured eating patterns. 
This means that many students turn to snacks to keep 
them going throughout the day. However, many store-
bought snack foods are ultra-processed with few 
nutrients and contain lots of sodium and added sugars: 
Not part of a nutritionally balanced diet! 
 Challenge CHALLENGE! Remember to pack healthy snacks 
when you head to class. This will help you avoid 
vending machine pitfalls. Watch this video for tips 
on how to substitute unhealthy snacks for healthier 
ones.  
https://www.youtube.com/watch?v=srJXLmrmp7s  
CHALLENGE! 
Pack your own snacks. One option is popcorn! Make your 
own to avoid ultra-processed ingredients normally found 
in microwavable popcorn such as hydrogenated oils and 
artificial flavors. Here are some great minimally 
processed snack ideas:  
 
 
 
11. 
French 
fries and 
other 
frozen 
potato 
products 
Informational THIS WEEK: FRENCH FRIES! 
 
Did you know the average person consumes 55lbs 
of frozen potato products per year29? These foods 
can be filled with added sugars, saturated fats, and 
sodium and should be limited30. 
THIS WEEK: FRENCH FRIES! 
 
Did you know the average person consumes 55lbs of 
frozen potato products per year29? Not only do most 
potato products such as French fries and tater tots 
contain lots of saturated fats, sodium, and ultra-
processed ingredients such as disodium dihydrogen 
pyrophosphate, dextrose, and natural flavorings. In 
addition, it is really easy to overeat these ultra-processed 
foods. They should be avoided as much as possible.  
 
 Challenge CHALLENGE! 
At least once this week, avoid buying store-bought 
frozen potato products and make your own sweet 
potato fries. 
https://whatscooking.fns.usda.gov/recipes/supple
CHALLENGE! 
This week, avoid all French fries and store-bought frozen 
potato products. Instead, make your own oven baked 
sweet potato fries. Watch this 1-minute video on how to 
easily make your own! 
https://www.youtube.com/watch?v=-wEExoX8dGk 
 
84 
 
1. USDA choosemyplate.gov. (n.d.) What is MyPlate? Retrieved from https://www.choosemyplate.gov/WhatIsMyPlate 
2. USDA choosemyplate.gov. (n.d.) All about the fruit group. Retrieved from https://www.choosemyplate.gov/fruit 
3. USDA choosemyplate.gov. (n.d.). All about the vegetable group. Retrieved from https://www.choosemyplate.gov/vegetables 
4. USDA choosemyplate.gov. (n.d.). All about the grains group. Retrieved from https://www.choosemyplate.gov/grains 
5. USDA choosemyplate.gov. (n.d.). All about the protein group. Retrieved from https://www.choosemyplate.gov/protein-foods 
6. USDA choosemyplate.gov. (n.d). All about the dairy group. Retrieved from https://www.choosemyplate.gov/dairy 
7. Monteiro, C.A., Cannon, G., Levy, R., Moubarac, J.C., Jaime, P., Martins, A.P…& Sattamini, I. (2016). NOVA. The star shines bright. 
World Nutrition, 7(1-3), 28-38 
8. USDA choosemyplate.gov. (n.d.). Nutrients and health benefits. Retrieved from https://www.choosemyplate.gov/fruits-nutrients-
health 
9. Cooking Matters. (n.d.). Fruit smoothies. Retrieved from https://cookingmatters.org/recipes/fruit-smoothies 
10. Eating Well. (n.d.). Mixed fruit with yogurt topping. Retrieved from http://www.eatingwell.com/recipe/259966/mixed-
fruit-with-yogurt-topping/ 
11. USDA choosemyplate.gov. (n.d.). Drink and eat beverages and food with less sodium, saturated fat, and added sugars. Retrieved 
from https://www.choosemyplate.gov/others 
12. Starbucks. (n.d.). Caramel Frappuccino blended coffee. Retrieved from https://www.starbucks.com/menu/drinks/frappuccino-
blended-beverages/caramel-frappuccino-blended-beverage 
13. USDA choosemyplate.gov. (n.d.). 10 tips: healthy eating for an active lifestyle. Retrieved from 
https://www.choosemyplate.gov/ten-tips-healthy-eating-for-an-active-lifestyle 
14. USDA choosemyplate.gov. (n.d.). Nutrients and health benefits. Retrieved from https://www.choosemyplate.gov/grains-
nutrients-health 
15. Yoquinto, L. (2012). The truth about potassium bromate. Retrieved from https://www.livescience.com/36206-truth-potassium-
bromate-food-additive.html 
16. USDA choosemyplate.gov. (n.d.). Tips: Make half your grains whole grains. Retrieved from 
https://www.choosemyplate.gov/grains-tips 
17. USDA choosemyplate.gov. (n.d.). Tips: vary your veggies. Retrieved from https://www.choosemyplate.gov/vegetables-tips 
18. USDA choosemyplate.org. (n.d.). 10 tips: Eating foods away from home  
19. USDA choosemyplate.gov. (nd.). 10 tips: Choose MyPlate. Retrieved from https://www.choosemyplate.gov/ten-tips-choose-
myplate 
20. Monteiro, C.A., Levy, R.B., Claro, R.M., de Castro, I.R., & Cannon, G. (2011). Increasing consumption of ultra-processed foods and 
likely impact on human health: evidence from Brazil. Public Health Nutr, 14, 5-13 
mental-nutrition-assistance-program-snap/oven-
baked-sweet-potato-fries 
 
12.Sport
s & 
Energy 
drinks 
Informational THIS WEEK: SPORTS & ENERGY DRINKS! 
 
Many of the beverages Americans drink contain 
empty calories, which are calories from added 
sugars. This includes most sports drinks and energy 
drinks27. Frequently drinking sugar-sweetened 
beverages adds calories and can be associated with 
weight gain, Type 2 diabetes, and heart disease. 
THIS WEEK: SPORTS & ENERGY DRINKS! 
 
More than 60% of young adults consume energy drinks 
on a regular basis. These drinks are packed with calories, 
ultra-processed ingredients and additives, not to 
mention high concentration of stimulants, which have 
been linked to headaches, stomach aches, hyperactivity 
and insomnia. 
 
 Challenge CHALLENGE! 
Limit the amount of energy drinks and sports drinks 
you consume this week. Get your caffeine fix from a 
cup of coffee or rehydrate after a workout with a 
glass of milk for muscle recovery.  
CHALLENGE! 
This week, cut out all energy drinks or sports drinks. Get 
your caffeine fix from one cup of coffee and rehydrate 
after a workout with your own electrolyte drink.  
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